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Abstract 
This study was conducted to compare how the nutrients and organic matter content in household kitchen wastes 
and sewage sludge transform in 120-days vermicomposting experiment. The concentrations of nitrogen, 
phosphorous and potassium increased during the experiment. The dry matter content of the composts decreased 
and the value of pH in the case of kitchen wastes increased and for sewage sludge vermicompost it remained 
almost unchanged. The amounts of organic matter and nutrients decreased to half of the initial masses, but the 
concentrations of nutrients increased remarkably both in kitchen wastes and in sewage sludge and sawdust 
mixtures as a result of vermicomposting. Vermicompost made from kitchen wastes contained 3.3% total 
nitrogen, 0.7% total phosphorous and 5.8% potassium. In the case of the vermicompost made from sewage 
sludge and sawdust the corresponding indicators were: 2.4% total nitrogen, 0.2% total phosphorous and 0.3% 
potassium. Small-scale vermicomposting of both household kitchen wastes and sewage sludge turned to be 
efficient.  
Keywords: Dendrobaena veneta, Eisenia fetida, vermicomposting 
1. Introduction 
Composting of organic wastes is a traditional cost-effective way to reduce wastes and to reuse organic matter 
(Tremier, de Guardia, Massiani, Paul, & Martel, 2005; Suthar & Singh, 2008; Lillenberg et al., 2010). An 
attractive alternative to thermophilic composting is the application of certain epigeic earthworm species 
(Edwards, Subler, & Arancon, 2011; Ivask, Olle, & Nei, 2013). Substrate aeration, mixing, grinding, 
fragmentation, enzymatic digestion and also microbial decomposition take place in the intestines of earthworms 
(Sharma, Pradham, Satya, & Vasudevan, 2005; Adi & Noor, 2009). Organic matter decomposes to mineral 
compounds, carbon dioxide and water. Under aerobic conditions microbial and faunal decomposers participate in 
this process. Vermicompost is especially interesting as an organic fertilizer because it is characterized by a high 
content of plant available nutrients (Edwards & Arancon, 2004; Dominguez, 2004; Adi & Noor, 2009). 
Several authors (Dominguez, 2004; Kaushik & Garg, 2004; Edwards et al., 2011; Maksimova, 2011) have 
pointed out that earthworms are the key organisms in decomposing organic matter and transforming nutrients. 
Dominguez (2004) has described vermicomposting as a decomposition process involving interactions between 
earthworms and microorganisms. Microorganisms are responsible for the biochemical degradation of organic 
matter, while earthworms are the crucial drivers of the process, fragmenting and conditioning the substrate, 
increasing its surface area and altering the biological activity of the media (Edwards & Arancon, 2004). 
Earthworms are acting as a kind of ecological engineer that consumes organic wastes, breaks them down into 
very small particles and decreases the C:N ratio (Edwards et al., 2011). The species most commonly used for 
breaking down organic wastes are Eisenia fetida (Savigny, 1826) and Dendrobaena veneta (Rosa, 1886). The 
reasons why Eisenia fetida or Dendrobaena veneta species are preferred in vermicomposting are that they 
tolerate a wide range of temperatures and they are readily handled, and in mixed species cultures they usually 
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become dominant (Edwards & Arancon, 2004). In Estonia, Latvia and Lithuania Eisenia fetida is one of the 
native earthworm species inhabiting manure and compost piles. 
Several studies have demonstrated the ability of some earthworm species to consume a wide range of organic 
wastes such as sewage sludge, animal dung, crop residues and industrial effuse (Chan & Griffiths, 1988; 
Hartenstein & Bisesi, 1989; Edwards, 1998). The vermicompost has more available nutrients per kg weight than 
the organic substrate from which it is produced (Buchanan, Russell, & Block, 1988). The biological activity of 
earthworms provides nutrient rich vermicompost for plant growth, thus facilitating the transfer of nutrients to 
plants (Ismail, 2000).  
Recently a detailed study performed by Yousefi, Younesi and Ghasempoury (2013) resulted in that the mixture of 
one waste high in carbon and low in nitrogen (sawdust) with another waste that is high in nitrogen (municipal 
solid waste, MSW) makes it possible to obtain an optimum C:N ratio for composting, increase water 
preservation and improve the final quality of the compost product. The composting piles with sawdust required 
shorter composting periods than those without any sawdust. 
Small-scale composting is becoming increasingly popular in households. Systems located outdoors can handle a 
larger amount of household waste but these are influenced by extremes in weather (Sherman & Appelhof, 2011). 
When operating at low ambient temperatures the vermicomposting systems have very low rates of earthworm 
reproduction (Frederickson & Howell, 2003). Because of this vermitechnology is not widely used in Nordic 
countries. With the aim of overcoming this disadvantage, the current study was to evaluate how earthworms 
Eisenia fetida and Dendrobaena veneta are able to recycle household organic wastes in small-scale composting 
experiments under boreal climatic conditions. 
2. Materials and Methods 
The experiment was conducted in a non-heated room. The duration of composting was 120 days. Earthworms 
Eisenia fetida and Dendrobaena veneta were used in vermicomposting experiments performed in 
non-transparent plastic containers. The temperature of the composting material was measured during the whole 
experiment. 
The experiments with kitchen wastes were performed as follows: the containers were filled with 0.5 kg of mineral 
soil, 0.5 kg of earthworms and 0.5 kg of kitchen wastes. The kitchen wastes included a mix from a family kitchen: 
fruits, vegetables and plants (fresh or boiled); coffee grounds and teabags including paper; eggshells, chopped up; 
kitchen paper; milk and meat in small amounts. 0.5-1.0 kg of the mixed kitchen waste was added to the boxes 
once per week – 18 times during the experiment. The total amount of added wastes was 10-15 kg. 
In the experiments with sewage sludge the mixtures were made from 6 kg of sawdust, 4 kg of sewage sludge and 
0.5 kg of earthworms. The matter was mixed periodically after every 5-7 days, so providing both sufficient 
aeration and homogenization. 
The chemical composition of the studied wastes was analyzed in the beginning and in the end of the experiment. 
All chemical analyses were performed by the Plant Biochemistry Laboratory of Estonian University of Life 
Sciences. The methodologies of the analyses are presented in detail in the Official Methods of Analysis (1990). 
The following applications were carried out: moisture (gravimetric), pHKCl, total nitrogen (TotN, by the Kjeldahl 
method), total phosphorus (TotP), and potassium (flame photometric method). The content of organic matter was 
determined by loss on ignition method according to Schulte, 1995. 
Data analysis was performed by the program STATISTICA 8.0. The corresponding differences between mean 
values of parameters were compared using the ANOVA one-way method. 
3. Results 
The results of the current study, allowing the comparison of two sets of vermicomposts, made from different 
types of household wastes, are presented in Table 1. The mean organic matter content in kitchen wastes added 
during the experiment was 78%. In the final product – compost – the relevant value had decreased to 49%. The 
dry matter content of the kitchen wastes was 18% and it remained the same with the accuracy of ±1% in the final 
compost (after 120 days from the beginning of the experiment, Table 1). At the same time, the values of pH and 
the concentrations of TotN, TotP and potassium increased. The pH of compost increased from 5.2 to 8.3 at the 
end of the experiment. The contents of nutrients increased as follows: TotN from 1.8% to 3.3%, from TotP from 
0.2 to 0.7% of and K from 1.9 to 5.8% of. During the first two days the temperature increased to 18°C and 
afterwards remained stable during the course of the experiment. 
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In the experiments with sewage sludge and sawdust mixture the following results were obtained: the content of 
organic matter was 54%, dry matter – 17%, TotN – 2.4%, Tot P – 0.2% and potassium – 0.3%. The pH of the 
compost was 6.6. For the comparison, the relevant indicators for typical sewage sludge are also given in Table 1. 
 
Table 1. The composition of kitchen wastes, sewage sludge, and their vermicomposts 

 Organic 
matter (%) 

Moisture 
(%) 

pH Total N 
(%) 

Total P 
(%) 

Potassium 
(%) 

kitchen wastes  77.9±1.3 82.4±0.9 5.2±0.1 1.8±0.1 0.2±0.0 1.9±0.1 
vermicompost (kitchen wastes)* 48.8±1.1 83.5±0.3 8.3±0.2 3.3±0.1 0.7±0.0 5.8±0.3 
sewage sludge** 63.3±6.4 74.2±1.1 7.4±1.0 2.2±1.6 1.1±0.5 2.1±0.4 
Vermicompost (sewage sludge)*  53.9±1.2 73.2±0.3 6.6±0.1 2.4±0.2 0.2±0.0 0.3±0.0 

*120 days after starting the experiment; **the results were provided by AS Tallinna Vesi (Tallinn Water Ltd.). 
 
4. Discussion 
In our experiment with kitchen wastes the concentrations of nitrogen, phosphorous and potassium increased as a 
result of vermicomposting. Several authors (Garg, Gupta, & Santosh, 2006; Garg, Suthar, & Yadav, 2012; 
Bharadwaj, 2010) have published similar results, except the dynamics of pH, which decreased in these studies. 
In these comparable studies the initial pH value was higher than in our experiment, but the final pH values of the 
composts became almost equal. This can be explained by the earthworms’ ability to adapt the habitat by altering 
the pH of the substrate to the optimal level with the aim of surviving the population (Dominguez, 2004). The 
sufficient rise in the values of TotN, TotP and K in the vermicompost indicates that there was an enhanced 
mineralization of these elements due to microbial and enzyme activity in the gut of the earthworms, although the 
increase in concentrations was lower in comparison with some published results obtained from warmer climate 
regions (Parthasarathi & Ranganathan, 2000; Garg et al., 2006).  
It has been reported that earthworm casts contain more carbon and nitrogen than non-ingested soil (Fragoso, 
Barois, Gonzalez, Artega, & Patron, 1993). This indicates that nitrogen is localized in worm castings. The 
percentage losses of carbon and gains in nitrogen per dry weight during vermicomposting are in agreement with 
observations made by Vinceslas-Apka and Loquet (1997), who described substantial losses in organic carbon 
and increases in TotN contents in vermicomposts after 10 months. In addition to the increased content of 
nitrogen per dry weight, there is also an extra addition of mucus, nitrogenous excretory substances, growth 
stimulating hormones and enzymes from earthworms in worm-worked bedding (Bhadauria & Ramakrishnan, 
1996). 
The increase in TotP in our experiment from 0.2 to 0.7% is considerable. Similar results have been published by 
Ghosh, Chattopadhyay, and Baral (1999) and Garg et al. (2006), who concluded that earthworms are efficient in 
mineralizing organic phosphorous. This is probably due to mineralization and mobilization of phosphorus as a 
result of enhanced phosphatase activity in earthworm casts, burrows and guts (Brown & Doube, 2004). The 
microbial community influences the level of available potassium – the potassium content was almost three times 
higher in the end of the experiment. This result is in agreement with the results obtained by other authors (Garg 
et al., 2006). 
The moisture content of kitchen wastes is usually high. In our study, the moisture content of the compost in the 
end of the period was 84%, which is the optimal value for Eisenia fetida according to Dominguez (2004). The 
results obtained in the end of composting were compared with quality criteria for vermicompost, proposed by 
Edwards et al. (2011); all the relevant values (except the moisture content) corresponded to these criteria (Table 
1). 
In the experiments with sewage sludge and sawdust mixture comparable results were obtained (see Table 1). 
Only the content of minerals and TotP of the final product were below the values that have been recommended 
by Edwards et al. (2011). There is no doubt that these (essential) differences resulted from the additions of 
sawdust. The pH of the compost was 6.6, being lower than in the case of the vermicompost made from kitchen 
wastes. This is in agreement with the results obtained by Yousefi et al. (2013): in this study sawdust admixtures 
also produced lowering of pH in final products. 
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5. Conclusion 
Vermicomposting technology is a simple and environmentally friendly biological treatment of wastes. As a result 
of the current work we have proven the applicability and efficiency of using earthworms Eisenia fetida and 
Dendrobaena veneta in a small-scale vermicomposting of household organic residues in the countries with the 
climate comparable to Estonia. 
References 
Adi, A. J., & Noor, Z. M. (2009). Waste recycling: Utilization of coffee grounds and kitchen waste in 

vermicomposting. Bioresource Technology, 100(2), 1027-1030. 
http://dx.doi.org/10.1016/j.biortech.2008.07.024 

Bhadauria, T., & Ramakrishnan, P. S. (1996). Role of earthworms in nitrogen cycling during the cropping phase of 
shifting agriculture (Jhum) in north-east India. Biology and Fertility of Soils, 22(4), 350-354. 
http://dx.doi.org/10.1007/BF00334582 

Brown, G. G., & Doube, B. M. (2004). Functional Interactions between earthworms, microorganisms, organic 
matter and plants. In C. A. Edwards (Ed.), Earthworm Ecology (pp. 213-239). CRC Press LLC, Boca Raton. 

Buchanan, A. M. A., Russell, A. G. A., & Block, S. D. (1988). Chemical characterization and nitrogen 
mineralization potentials of vermicompost derived from differing organic wastes. In C. A. Edwards, & E. F. 
Neuhauser (Eds.), Earthworms in Waste and Environmental Management (pp. 231-239). SPB Academic 
Publishing PV, The Hague.  

Chan, P. L. S., & Griffits, D. A. (1988). The vermicomposting of pre-treated pig manure. Biological Wastes, 24(1), 
57-69. http://dx.doi.org/10.1016/0269-7483(88)90027-4 

Dominguez, J. (2004). State-of-the Art and New Perspectives on Vermicomposting Research, In C. A. Edwards 
(Ed.), Earthworm Ecology (pp. 401-424). CRC Press LLC, Boca Raton. 

Edwards, C. A. (1998). The use of earthworms in the breakdown and management of organic wastes. In: Edwards, 
C.A. (Ed.), Earthworm Ecology (pp. 327-354). CRC Press, FL: Boca Raton. 

Edwards, C. A., & Arancon, N. Q. (2004). The use of earthworms in the Breakdown of Organic Wastes to Produce 
Vermicomposts and Animal Feed Protein. In C. A. Edwards (Ed.), Earthworm Ecology (pp. 345-399). CRC 
Press LLC, Boca Raton. 

Edwards, C. A., Subler, S., & Arancon, N. Q. (2011). Quality Criteria for Vermicomposts. In C. A. Edwards, N. Q 
Arancon, & R. Sherman (Eds.), Vermiculture Technology. Earthworms, organic wastes and environmental 
management (pp. 287-301). CRC Press, Boca Raton. 

Fragoso, C., Barois, I., Gonzalez, C., Artega, C., & Patron, J. C. (1993). Relationship between earthworms and soil 
organic matter levels in natural and managed ecosystems in the Mexican tropics. In: K. Mulongoy, & R. 
Merckx, (Eds.). Soil Organic Matter dynamics and Sustainability of Tropical Agriculture (pp. 231-239). A 
Wiley-Sayce Co. Publication, New York. 

Frederickson, J., & Howell, G. (2003). Large-scale vermicomposting: emission of nitrous oxide and effects of 
temperature on earthworm populations: The 7th international symposium on earthworm ecology, Cardiff, 
Wales, 2002. Pedobiologia, 47(5-6), 724-730. http://dx.doi.org/10.1078/0031-4056-00250 

Garg, P., Gupta, A., & Santosh, S. (2006). Vermicomposting of different types of waste using Eisenia foetida: A 
comparative study. Bioresource Technology, 97(3), 391-395. 
http://dx.doi.org/10.1016/j.biortech.2005.03.009 

Garg, V. K., Suthar, S., & Yadav, A. (2012). Management of food industry waste employing vermicomposting 
technology. Bioresource Technology, 126, 437-443. http://dx.doi.org/10.1016/j.biortech.2011.11.116 

Ghosh, M., Chattopadhyay, G. N., & Baral, K. (1999). Transformation of phosphorus during vermicomposting. 
Bioresource Technology, 69(2), 149-154. http://dx.doi.org/10.1016/S0960-8524(99)80001-7 

Hartenstein, R., & Bisesi, M. S. (1989). Use of earthworm biotechnology for the management of effluents from 
intensively housed livestock. Outlook Agriculture, 18(2), 72-76. 

Ismail, S. A. (2000). Organic waste management. In: Technology Appreciation Programme on Evaluation of 
Biotechnological Approaches to Waste Management held on 26th October 2000 (pp. 28-30). Industrial 
Assotiation-Ship of IIT, Madras. 



www.ccsenet.org/jas Journal of Agricultural Science Vol. 6, No. 2; 2014 

118 

Ivask, M., Olle, L., & Nei, L. (2013). Domestic organic waste treatment through vermitechnology. Waste 
Management & Research, 31(8), 878. http://dx.doi.org/10.1177/0734242X11403798 

Kaushik, P., & Garg, V. K. (2004). Dynamics of biological and chemical parameteres during vermicomposting of 
solid textile mill sludge mixed with cow dung and agricultural residues. Bioresource Technology, 94(2), 
203-209. http://dx.doi.org/10.1016/j.biortech.2003.10.033 

Lillenberg, M., Yurchenko, S., Kipper, K., Herodes, K., Pihl, V., Lohmus, R., … Nei, L. (2010). Presence of 
fluoroquinolones and sulfonamides in urban sewage sludge and their degradation as a result of composting. 
International Journal of Environmental Science and Technology, 7(82), 307-312. Retrieved from 
http://www.ijest.org/jufile?c2hvd1BERj00MDE=&ob=1ac5df118387d2eb0fb46ab4044301c6&fileName=f
ull_text.pdf 

Maksimova, S. (2011). Progress in Vermicomposting in Belarus, Russia and Ukraine, In: C.A. Edwards, N.Q 
Arancon, & R. Sherman, (Eds.), Vermiculture Technology. Earthworms, organic wastes and environmental 
management (pp. 565-578). CRC Press, Boca Raton. 

Official Methods of Analysis. (1990). AOAC 15th Edition. K. Helrich (Ed.), Association of Official Analytical 
Chemists, Arlington, Virginia, Volume 2. 

Parthasarathi, K., & Ranganathan, L. S. (2000). Aging effect on enzyme activities in pressmud vermicasts of 
Lampito mauritii (Kinberg) and Eudrilus eugeniae (Kinberg). Biology and Fertility of Soils, 30(3), 347-350. 
http://dx.doi.org/10.1007/s003740050014 

Schulte, E. E. (1995). Recommended Soil Organic Matter Tests. In J. T. Sims, & A. Wolf (Eds.), Recommended 
Soil Testing Procedures for the Northeastern United States (pp. 47-56). Northeast Regional Bulletin 493. 
Newark, DE: Agricultural Experiment Station, University of Delaware. 

Sharma, S., Pradham, K., Satya, S., & Vasudevan, P. (2005). Potentiality of earthworms for waste management 
and in other use - A Review. The Journal of American Science, 1(1), 4-16. Retrieved from 
http://www.jofamericanscience.org/journals/am-sci/0101/02-sharma.pdf 

Sherman, R., & Appelhof, M. (2011). Small-Scale School and Domestic Vermicomposting Systems. In C. A. 
Edwards, N. Q. Arancon, & R. Sherman (Eds.), Vermiculture Technology. Earthworms, organic wastes and 
environmental management (pp. 67-78). CRC Press, Boca Raton. 

Suthar, S., & Singh, S. (2008). Vermicomposting of domestic waste by using two epigeic earthworms (Perionyx 
excavatus and Perionyx sansibaricus). International Journal of Environmental Science and Technology, 5(1), 
99-106. Retrieved from http://www.ijest.org/?_action=articleInfo&article=197 

Tremier, A., de Guardia, A., Massiani, C., Paul, E., & Martel, J. L. (2005). A respirometric method for 
characterising the organic composition and biodegradation kinetics and the temperature influence on the 
biodegradation kinetics, for a mixture of sludge and bulking agent to be co-composted. Bioresource 
Technology, 96(2), 169-180. http://dx.doi.org/10.1016/j.biortech.2004.05.005 

Vinceslas-Apka, M., & Loquet, M. (1997). Organic matter transformations in lignocellulosic waste products 
composted or vermicomposted (Eisenia fetida andrei): chemical analysis and 13C CPMAS NMR 
spectroscopy. Soil Biology & Biochemistry, 29(3), 751-758. 
http://dx.doi.org/10.1016/S0038-0717(96)00201-5 

Yousefi, J., Younesi, H., & Ghasempoury, S. M. (2013). Co-composting of municipal solid waste with sawdust: 
improving compost quality. Clean – Soil Air Water, 41(2), 185-194. 
http://dx.doi.org/10.1002/clen.201100315 

 
Copyrights 
Copyright for this article is retained by the author(s), with first publication rights granted to the journal. 
This is an open-access article distributed under the terms and conditions of the Creative Commons Attribution 
license (http://creativecommons.org/licenses/by/3.0/). 



<<
  /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


