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BIODEGRADATION OF WHEY WASTE 
IN A CONTINUOUS STIRRED-TANK BIOREACTOR 

Post-production whey has a high concentration of proteins and lactose that has to be decreased 
500-fold before disposal in the environment. The paper describes goat whey biodegradation in a con-
tinuous stirred tank reactor (CSTR) using a Bacillus licheniformis strain. The data obtained emphasize the 
effect of excess organic compounds on growth rate. Accordingly, the Luong equation was applied to de-
scribe the batch process while accounting for substrate inhibition; the constants vmax = 2.29·10–4 1/s, 
Km = 4.79 g/dm3, Ki = 6.03 g/dm3, and n = 1.1 were experimentally obtained. According to accepted 
theory, the continuous process can be expressed using Monod’s equation (only for the rising side of 
the kinetic graph) in a restricted range of substrate concentrations (for glucose, up to 2.16 g/dm3). The 
estimated values of the constants were vmax = 8.52·10–5 1/s and Km = 0.45 g/dm3. The selected strain 
effectively decreased the lactose content in whey. At residence times above 30 h, almost total decrease 
in lactose content was observed that met the requirements of the Polish Ministry of Environmental 
Protection. The biodegradation of proteins was much slower, but their content does not greatly influ-
ence the required BOD and COD values. 

1. INTRODUCTION 

Whey is a by-product from the dairy industry. It is a liquid containing large amounts 
of lactose (39–45 g/dm3) and proteins (9–14 g/dm3). These high values result in high 
COD and BOD5 coefficients of 60–80 g/dm3 and 30–50 g/dm3, respectively [1]. These 
high values are primarily due to the presence of lactose, as the recovery of proteins 
decreases the COD index approximately by 10 g/dm3 [2]. Based on actual Polish Min-
istry of Environmental Regulation from 2014, whey is categorized as an extremely dan-
gerous wastewater for aquatic environments, and its COD index should be reduced to 
125 mg O2/dm3 and its BOD index to 25 mg O2/dm3. 
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1Division of Bioprocess and Biomedical Engineering, Wrocław University of Technology, ul. Norwida  4/6, 

50-373, Wrocław, Poland, corresponding author: M. Lech, e-mail: magdalena.lech@pwr.edu.pl 



98 M. LECH, A. TRUSEK-HOLOWNIA 

 

Whey is formed as a by-product on a large scale. The global production of whey is 
as high as 160×106 tons/year [3]. Only half of the world’s whey production is consumed: 
45% is used as a liquid in beverage production, 30% is dried and used in powder form 
in the food industry and agriculture, 15% is used as a source of lactose (its recovery is 
very expensive) [4], and the remaining 10% is used to produce whey protein concentrate 
(WPC) and whey protein isolate (WPI) [5]. The other 50% of produced whey is a serious 
problem for the dairy industry and has to be bioremediated. 

However, whey proteins are valuable and have health-promoting properties; there-
fore, recovery of them is potentially economically feasible. For this purpose, ceramic 
membranes have been tested [6, 7]. Sanmartin et al. [8] used a ceramic membrane with 
a cut-off coefficient of 10 kDa. Separation was connected with one diafiltration, and the 
resulting retentate was dried and frozen. Using this method, they obtained whey protein 
concentrate powder (WPC). However, this procedure generates co-products with a high 
content of lactose that have to be utilized or disposed. 

The most common way to bioremediate whey (and similarly rich organic by-prod-
ucts) is through the application of activated sludge. This method is relatively cheap and 
technically simple. Activated sludge works via a consortium of different microorgan-
isms, mainly bacteria from the genera Pseudomonas, Acinetobacterium, Aeromonas, 
Zooglea, Enterobacteriaceae, Flavobacterium, Achromobacter, Micrococcus and Ba-
cillus, as well as protozoan ciliates of the genera Vorticella, Paramecium, Aspidisca, 
and Suctoria and flagellates of the genera Trigonomonas, Tetramitus, and Bodo [9]. 
This microbial diversity results in activated sludge activity that can change at any time, 
particularly as the load input changes. Usually, activated sludge works more stably at 
a high dilution [10]. Malaspina et al. [11] reported that 1 g of activated sludge was able 
to oxidize 0.22 mg of organic components in whey in 5 days, a yield that was not satis-
factory. Another disadvantage is the release of microbes into the environment, which 
can contribute to further growth and cause contamination and environmental risk. 

One alternative is to use a monoculture. On the one hand, this strategy requires ste-
rility and may be more expensive. On the other hand, a biodegradation process with one 
microorganism can facilitate the production of valuable co-products. For example, the 
metabolism of Bacillus licheniformis uses lactose and produces lactic acid [12, 13].  
Mehaia et al. [14] used Kluyveromyces fragilis to obtain ethanol at the concentration of 
30–60 g/dm3 during the biodegradation of the solution of synthetic lactose (50 g/dm3). 
The efficiency of this process was improved by concentrating the microorganism on the 
membrane. Other authors have also shown the advantages of membrane separations in-
tegrated with microbial processes [15, 16]. 

In the present paper, the biodegradation of sweet whey has been reported, especially 
compounds contained in the permeate after the ultrafiltration of whey proteins. Experi-
ments were performed in a continuous stirred-tank reactor with a B. licheniformis strain. 
Kinetic studies are the first step in the membrane bioreactor project. 
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2. MATERIALS AND METHODS 

To decrease the natural turbidity of whey (due to residual casein clot and fat), the 
whey was centrifuged at 3000 g and 4 °C for 20 min (Hettich Zentrifugen Universal 320R, 
Germany). Then, CaCl2 (CAS: 10043-52-4, POCH, Poland) was added at 2–5 °C, and pH 
was raised to 7.3 using 6 M NaOH (CAS: 1310-73-2, POCH, Poland). Finally, the whey 
was heated to 55 °C and held at this temperature for 8 min. The suspension was then 
cooled and centrifuged at 9000 rpm for 20 min [17]. The bacterial cell content was 
measured spectrophotometrically (Hitachi, USA) at λ =  nm using the standard curve: 

 5500.389X     (1) 

where: X – biomass concentration, g/dm3 and λ – wavelength, nm. 
The protein concentration was measured using the Lowry colorimetric method [18] 

with a standard curve: 

  protein 7500.396C   (2) 

where: Cprotein – protein concentration, g/dm3. 
The lactose concentration was measured using the DNS method [19] with a standard 

curve: 

 lactose 5502.35C     (3) 

where: Clactose – lactose concentration, g/dm3. 

Batch process. To develop the growth kinetics of B. licheniformis (PCM-1849, In-
stitute of Immunology and Experimental Therapy, Polish Academy of Sciences in 
Wroclaw, Poland), a series of whey solutions with lactose from 0.8 to 8.8 g/dm3 was 
prepared. The protein concentration was held proportional to the lactose concentration; 
the initial ratio was 1:4. The culture was hold at 34 °C and permanently mixed in a water 
shaker (Elpin plus, Poland). The culture was sampled at regular intervals, and the mi-
croorganism content was measured directly before samples for Lowry and DNS anal-
yses were centrifuged at 6000 rpm for 10 min (Hettich Zentrifugen Eba 20, Germany). 
The samples were measured in two replicates. 

Continuous process. The feed tank (Z1) was charged with the solution of whey using 
sterile distilled water. The lactose content in the dosed stream was between 1.4 and 3.3 g/dm3 
(with a protein content between 0.5 and 1.2 g/dm3, respectively). 

The installation scheme is presented in Fig. 1. The feed was dosed using a gear 
pump P1 (gear pump, Cole-Parmer Instrument Company, USA) into a thermostatic 
(37 °C) reactor with a mechanical stirrer (M1). The intensity of mixing was 70 rpm. 
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Removal of the culture mixture occurred once it reached level h1, and the mixture was 
sucked with a pump P2 (gear pump, Cole-Parmer Instrument Company, USA). The cul-
ture was aerated with a compressor S1 (HL275/50 Specair, Netherlands), and the stream 
of air was 1.5 dm3/min. Culture purity was monitored by the daily inoculation of agar 
plates (N9405, Fluka Analytical, USA). 

 
Fig. 1. Installation used for biodegradation of whey: Z1 – whey tank, P1 – dosing pump,  

S1 – compressor, M1 – mechanical stirrer, P2 – receiving pump, Z2 – tank with culture mixture 

The continuous process was conducted with a residence time from 3.7 to 37.1 h. As 
was established, a steady state emerged after four volume exchanges, which amounted 
to 2.6 dm3. After this time, a sample was taken for analysis and centrifuged at 6000 rpm 
for 10 min (Hettich Zentrifugen Eba 20, Germany) before performing the Lowry and 
DNS assays. These analyses were performed in duplicate. 

Detection of lactic acid. To detect lactic acid, we used a method based on  
Uffelman’s reagent, a 1 M solution of FeCl3 and 2% pure phenol in water. The reagent 
is violet in colour; when applied to a sample, a yellow colour indicates the presence of 
lactic acid [20]. The test was performed on culture samples after the biodegradation 
process. 

3. RESULTS AND DISCUSSION 

Studies of the kinetic growth of B. licheniformis in a batch system showed that 
a high initial concentration of lactose (above 5.4 g/dm3) resulted in a long death phase 
(almost 200 h). The most likely reason for this behaviour is inhibition by one of the 
compounds in the whey or one of the intermediate products formed during lactose or 
protein utilization. During the experiments, an increase in cell number and a decrease 
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in lactose and protein concentrations were observed. Sample plots are shown in Fig. 2. 
For diluted whey (15–30-fold), the bacterial strain entered the logarithmic growth phase 
quickly. The stationary phase lasted 4–5 h and did not depend on lactose content. The almost 
linear decrease in lactose content (and the much slower decrease in peptide content) is con-
comitant with an increase in biomass concentration. When lactose was exhausted, the cul-
ture entered the death phase. However, a slight decrease in the protein content was still ob-
served. Changes in the protein concentration during culturing were so small that it was not 
possible to determine the growth kinetics relative to this component. 

 

 
Fig. 2. Lactose, protein and cell concentrations during whey degradation.  

The initial concentration of lactose 2.82 g/dm3 (a) and 1.23 g/dm3  (b), 
the initial concentration of protein 0.61 g/dm3 (a) and 0.29 g/dm3  (b) 

As expected, lactose concentrations above 2 g/dm3 resulted in substrate inhibition. 
This type of inhibition can be described by the Luong equation [21] with parameters 
calculated from experimental data (with a relative error of 13.05%) 
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where: (L) – specific rate of growth (relative to lactose concentration), 1/s, max – maxi- 
mum growth rate, 1/s, Ki – constant in Luong’s equation, g/dm3. 

 
Fig. 3. Kinetics of growth of B. licheniformis on whey 

in dependence of lactose concentration 

The investigation of biodegradation in a continuous stirred-tank reactor was based 
on the research performed in a batch system. These data demonstrated that lactose con-
centrations exceeding 2 g/dm3 (and/or protein concentrations of 0.6 g/dm3) had a nega-
tive effect on the growth rate. The observed specific growth rate of B. licheniformis 
reached a maximum of 6.2·10–5 1/s, and this value was taken into account in the design 
of the continuous process. 

The concentrations of lactose and protein in the input and output streams at resi-
dence times from 3.7 to 37.1 h are shown in Fig. 4. Although the metabolism of lactose 
is dominant, the B. licheniformis strain used is able to respire nitrate [22] (Fig. 5). The 
utilization of organic nitrogen by bacteria is not common, and this feature is extremely 
valuable in whey biodegradation. 

The relationship between lactose concentration and growth rate was comparatively 
similar to data obtained from batch cultures. In agreement with the accepted theory 
[23, 24], time points were obtained on the rising side of the plot, and the resulting ki-
netics were expressed using Monod’s equation (Eq. (5)) over a narrow substrate con-
centration range (at lactose concentrations below 2.25 g/dm3) (Fig. 6).  
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Fig. 4. Concentrations of lactose and protein 

in the input and output streams at various residence times 

 
Fig. 5. Rates of biodegradation of lactose and protein with B. licheniformis  

at an average biomass concentration of approximately 0.2 g/dm3 

The constants were estimated (with a relative error of 4.4%) to be Km = 0.45 g/dm3 

and max = 8.52·10–5 1/s. 
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where: Km – Monod’s constant, g/dm3. 
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Fig. 6. Monod description of B. licheniformis growth on whey 

The average value of the biomass yield coefficient [25, 26] relative to lactose con-
sumption YXL_R as expressed in Eq. (6) was 0.32. 
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where: YXL_R – biomass yield coefficient (relative to lactose concentration) in CSTR, g/g, 
Xreactor – biomass concentration in the reactor (CSTR), g/dm3, Xinput – biomass concentration 
in the input stream (CSTR), g/dm3, Cl_input – lactose concentration in the input stream of the 
CSTR, g/dm3, Cl_reactor – lactose concentration in the reactor (CSTR), g/dm3. 

Relative to protein consumption, the average biomass yield coefficient was 2.8 (in 
the case of multicomponent systems, the biomass yield coefficient relative to one com-
ponent may be higher than unity). 

Finally, the dependence of the lactose conversion rate on lactose concentration was 
expressed by the following equation: 
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where: rL – rate of lactose conversion, g/(dm3·s). 
The rate of protein conversion was significantly lower and negligible compared to 

that of lactose conversion. However, this rate was expressed by the following equation: 
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where: rP – rate of protein conversion, g/(dm3·s), YXP_R – biomass yield coefficient (relative 
to protein concentration) in CSTR, g/g, (P) – specific rate of growth (relative to protein 
concentration), 1/s, CP_reactor – protein concentration in the reactor (CSTR), g/dm3. 

Additionally, the ability of the strain to produce lactic acid was examined at the end 
of fermentation. The yellow colour in a sample treated with Uffelman’s reagent indi-
cated the presence of lactic acid. Whey biodegradation concurrent with lactic acid pro-
duction will be the aim of our future studies. 

4. CONCLUSIONS 

Whey is a burdensome by-product produced in large amounts by the dairy industry. 
Lactose, which is responsible for a high biological load of whey, can be recovered by 
the use of nanofiltration processes [27, 28]. However, industrial application of this pro-
cess in the production of food or pharmaceuticals is not sufficient to separate lactose 
from whole whey. 

Additionally, whey is a source of valuable proteins with health-promoting proper-
ties [29]. The recovery of these proteins does not significantly decrease the COD coef-
ficient (only approximately by 10 g O2/dm3), and co-products from the membrane-based 
recovery of whey proteins still need to undergo bioremediation. 

This co-product stream rich in lactose and macropeptides was successfully biode-
graded in a continuous stirred-tank reactor with a B. licheniformis strain. The bacteria 
effectively decreased the lactose content, and with long residence times (above 30 h), 
we observed an almost total decrease in lactose content as required by the Polish Min-
istry of Environmental Protection. The COD index in the output stream was 7.6 mg 
O2/dm3, an allowed and safe value. The residence time may be greatly shortened by the 
application of a membrane bioreactor [30], as planned in our future research. 

Beyond desirable environmental protection, this approach may also yield economic 
benefits because there is the possibility to co-produce lactic acid, which is used widely 
in the cosmetic and food industries [31, 32]. 

ACKNOWLEDGEMENTS 

This work was performed within the Project No. 2011/03/B/ST8/06029 sponsored by the National 
Science Centre (NCN) of Poland. 

REFERENCES 

[1] GONZALEZ SISO M.I., The biotechnological utilization of cheese whey, Bioresour. Technol., 1996, 57, 1. 
[2] MAWSON A.J., Bioconversation for whey utilization and waste abatement, Bioresour. Technol., 1994, 

47, 195. 
[3] FUQUAY J., FOX.P., MCSWEENEY P., Encyclopedia of Dairy Sciences, Elsevier, London 2011. 



106 M. LECH, A. TRUSEK-HOLOWNIA 

 

[4] BERNSTAIN D., EVERSON T., Protein production from acid whey via fermentation, in food processing 
waste management, Cornell Agricultural Waste Management Conference, Cornell University, New 
York, 1973, 103. 

[5] MARWAHA S.S., KENNEDY J.F., Review: Whey problem and potential utilization, Int. J. Food Sci. Tech-
nol., 1988, 23 (4), 323. 

[6] ALMECIJA M.C., IBANEZ R., GUADIX A., GUADIX E.M., Effect of pH on the fractionation of whey pro-
teins with a ceramic ultrafiltration membrane, J. Membr. Sci., 2007, 288, 28. 

[7] METASMUURONEN S., NYSTROM M., Enrichment of -lactolabumin from diluted whey with polymeric 
ultrafiltration membranes, J. Membr. Sci., 2009, 337, 248. 

[8] SANMARTIN B., DIAZ O., RODRIGUEZ-TURIENZO L., COBOS A., Composition of caprine whey protein 
concentrates produced by membrane technology after clarification of cheese whey, Small Rum. Res., 
2012, 105, 186. 

[9] DLUGOSZ E., Wastewater treatment with activated sludge, Retrieved from http://www.e-biotechnolo-
gia.pl/Artykuly/Oczyszczanie-sciekow-metoda-osadu-czynnego/, 30.01.2013 (in Polish). 

[10] SARKER.B., CHAKRABARTI P.P., VIJAYKUMAR A., KALE V., Wastewater treatment in dairy industries 
– possibility of refuse, Desalination, 2006, 195, 141. 

[11] MALASPINA F., STANATE L., CELLAMARE C.M., TILCHE A., Cheese whey and cheese factory waste- 
water treatment with biological anaerobic-aerobic process, Water Sci. Technol., 1995, 32, 59. 

[12] SAKAI K., YAMANAMI T., Thermotolerant Bacillus licheniformis TY7 produces optically active l-lactic 
acid from kitchen refuse under open condition, J. Biosci. Bioeng., 2006, 102 (2), 132. 

[13] PENESAR P.S., KENNEDY J.F., GANDHII D.N., BUNKO K., Bioutilisation of whey for lactic acid produc-
tion, Food Chem., 2007, 105, 1. 

[14] MEHAIA M.A., CHERYAN M., Hollow fibre bioreactor for ethanol production: Application to the con-
version of lactose by Kluyveromyces fragilis, Enzyme Microb. Technol., 1984, 6, 117. 

[15] FARIA L.F.F., NOBERGA R., Xylitol production from D-xylose in a membrane bioreactor, Desalination, 
2002, 149, 231. 

[16] TRUSEK-HOLOWNIA A., Efficiency of alcohols biodegradation in a membrane bioreactor, Deswater, 
2011, 33, 389. 

[17] RINN J.C., MORR C.V., SEO A., SURAK J.G., Evaluation of nine semi-pilot scale whey pretreatment 
modifications for producing whey protein concentrate, J. Food Sci., 1990, 55, 510. 

[18] LOWRY O., ROSEGROUGH N., FARR A., RANDALL R., Protein measurement with the Folin phenol rea-
gent, J. Biol. Chem., 1951, 193, 265. 

[19] MILLER C.N., Use of dinitrosalicylic acid reagent for determination of reducing sugar, Anal. Chem., 
1959, 81, 426. 

[20] HYNES W.M., Handbook of chemistry and physics, CRC Press Taylor and Francis Group, Boca Ra-
ton 2011. 

[21] LUONG J.H.T. Generalization of Monod kinetics for analysis of growth data with substrate inhibition, 
Biotechnol. Bioeng., 1986, 29 (2), 242. 

[22] SINGELTON P., Bacteria in biology, biotechnology and medicine, Wiley, England, 1999. 
[23] TABIŚ B., MALIK J., Stability characteristic of a biochemical reactor with predator-prey relation-ship 

a substrate inhibition case, Chem. Eng. J., 1998, 70 (3), 179. 
[24] ZHANG X.-W., GONG X.D., CHEN F., Dynamics and stability analysis of the growth and astaxanthin 

production system of Haematococcus pluvialis, J. Industr. Microbiol. Biotechnol., 1999, 23 (2), 133. 
[25] RYCHTERA M., PAULOVA L., NAHLIK J., MELZOCH K., VOTRUBA J., Control strategy of fed-batch culti-

vations of yeast, Chem. Papers, 1996, 50 (4), 238. 
[26] KRZYSTEK L., JAMROZ T., SENCIO B., LUSZCZ P.G., LEDAKOWICZ S., The impact of different aeration 

condition on whey bioutilization, Chem. Papers, 2002, 56 (1), 57. 
[27] REKTOR A., VATAI G., Membrane filtration of mozzarella whey, Desalination, 2004, 162, 279. 



 Biodegradation of whey waste in a continuous stirred-tank bioreactor 107 

 

[28] LE T.T., CABALTICA A.D., BUI V.M., Membrane separations in dairy processing, J. Food Res. Tech-
nol., 2014, 2 (1), 1. 

[29] JAUREGI P., WELDERUFAEL F.T., Added-value protein products from whey. Extraction, fractionation, 
separation, purification, Natura Foods, 2010, 9 (4), 13. 

[30] TRUSEK-HOLOWNIA A., NOWORYTA A., Biological regeneration of liquid sorbents after industrial pu-
rification of outlet gases, Chem. Process Eng., 2012, 33 (4), 667. 

[31] DATTA R., HENRY M., Lactic acid: recent advances in products, processes and technologies. A review, 
J. Chem. Technol. Biot., 2006, 81 (7), 1119. 

[32] BASTRZYK J., GRYTA M., KARAKULSKI K., Fouling of nanofiltration membranes used for separation 
of fermented glycerol solutions, Chem. Papers, 2004, 68 (6), 757. 
 



<<
  /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
  /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

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /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 <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /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


