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Summary

Nitrogen fi xing cyanobacteria are ecologically signifi cant inputs in improving 
the plant productivity in tropical countries like India. Large scale cultivation of 
these organisms using inorganic media is relatively expensive. In the present study 
utilization of kitchen waste water emerged from a pilgrim centre as a source of 
nutrients and its remediation was compared using two blue green algal cultures 
viz. Anabeana variabilis and Nostoc muscorum. A complete randomized design 
was created for the experiment that was performed on BG-11, 100% and 75% KW 
(Kitchen Water) media. Th e physicochemical properties of waste water were analyzed 
before and aft er cultivation. It was found that the N. muscorum was more eff ective 
in removal of phosphorous and nitrogen contaminants from waste water to meet 
the standards of safe discharge besides producing more biomass compared to A. 
variabilis.
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Introduction
With the growing realization that chemical based agricul-

ture is unsuitable and is slowly leading to ecological imbalance, 
the latter part of the last century witnessed the emergence of 
the concept of “organic agriculture” advocating minimum use 
of chemical fertilizers and increasing dependence on biological 
inputs like compost, farmyard manure, green manure and bi-
ofertilizers. Such inputs are sustainable, eff ective, cheap, easily 
manageable, fuel energy independent, ecofriendly and improve 
the nutrient status and health of the soil. Among the array of 
biofertilizers developed nitrogen fi xing blue green algae con-
stitutes the most important inputs for nutrients management 
in plants. Culturing of blue green algae using inorganic media 
is relatively expensive because of the need to provide full com-
plement of nutrients. Low cost alternative such as waste water 
should be evaluated as more cost eff ective method of cultivat-
ing these organisms. 

Tirumala, the worlds, richest pilgrim centre is located 3200 
feet above the sea level in Chittoor district of Andhra Pradesh 
in India. Th e process of cooking on large scale on the hill region 
generates enormous amounts of waste water, which is a poten-
tial source of nutrients for cultivation of useful microorganisms 
(Ponsano et al., 2003). Remediation of waste water by nonsul-
phur bacteria (Izu et al., 2001), Th iobacillus Sp (Kantachote and 
Innuwat, 2004) and Spirulina sp (Canizares, 1993; Chuntapa et 
al., 2003) is well documented. Th e potentiality of N. muscorum 
and A. variabilis as biofertilizers has been reported by Subba Rao 
(2002). Th e enhanced growth of agricultural crops by the appli-
cation of Anabaena variabilis is reported by Rodrigues (2005). 
Th e scope and potential use of Nostoc muscorum as nitrogen fi xer 
in soils with low nitrogen status is reported by Sarada (2007) 
and Radha Khale (1999).

In the present study an attempt has been made to explore the 
possibility of cultivation of N2 fi xing blue green algal fertilizers 
and to evolve the potential of A. variabilis and N. muscorum to 
use waste water as a growth medium.

Materials and methods
Fift y liter of waste water emerged from food and dish wash-

ing was collected from kitchen outlet on Tirumala hill. Th is 
water was placed in 50 l cement tank and allowed to ferment 
for two weeks for microorganisms to breakdown the solid or-
ganic wastes. Th e liquid portion in each tank was then fi ltered 
through a 50 microplankton net fi lter. Th e fi ltrate was taken for 
determination of temperature, pH, dissolved oxygen (DO), BOD 
(azide modifi cation), COD (closed refl ux), NH3-N (nesserleri-
zation), total nitrogen (TN) by the macrokjeldahl method and 
total phosphorous (TP) by persulfate digestion/ stannous chlo-
ride (APHA 1998). Th is fi ltrate or 100% kitchen waste water was 
diluted to 75% with tap water to make an additional starting 
solution. Greater dilutions were found to produce signifi cantly 
lower growth rates, so only 100% and 75% solutions were used 
as nutrient media in the present study. 

Culture of A. variabilis and N. muscorum were obtained from 
Biotechnology Research Centre, Tirupati, A.P., India. Th ey were 
cultured separately in BG-11 broth in a 2 l bottle and allowed to 
grow for 10 days until the optical density at 560 nm reached to 
one (OD 560 = 1). Th e BG-11 medium composed of g/l: NaNO3 - 

1.5; K2HPO4 - 0.04; MgSO4. 7H2O - 0.075; CaCl2. 2H2O - 0.036; 
citicacid - 0.06; ferric ammonium citrate - 0.06; EDTA Na salt 
- 0.001; Na2CO3 - 0.02; and trace metal mix A5-10 ml (compo-
sition of trace metal mix: g/l – H3BO3 - 2.86; MnCl2. 4H2O - 
1.81; ZnSO4. 7H2O - 0.222; NaMoO4.  5H2O - 0.39; CuSO4. 5 
H2O - 0.079; Co (NO3)2. 6H2O - 0.04). Th e pH of the medium 
is adjusted to 7.0 using 1 N NaOH. A. variabilis and N. musco-
rum from BG-11 medium were subclutured in fermented 100% 
KW and allowed to grow for two weeks until the OD at 560 nm 
is one (OD 560 = 1) and used as inoculum.

A complete randomized design (CRD) was carried out using 
three treatments in triplicate. Th e treatments were 100% KW, 
75% KW and BG-11 medium inoculated with 5 ml of either A. 
variabilis or N. muscorum. Th e initial OD of each tank was 0.30 
(OD 560 nm). Initial physicochemical properties of waste water 
were measured before inoculating. Th e experimental (100% KW 
and 75% KW) and control (BG-11 medium) fl asks were cultured 
for 15 days with continuous aeration. Samples from each fl ask 
were collected every fi ve days from each tank and analyzed for 
their physicochemical properties viz. temperature, pH, DO, bio-
logical oxygen demand (BOD), chemical oxygen demand (COD), 
total phosphorous (TP), ammonia nitrogen (NH3 –N), organic 
nitrogen, total kjeldhal nitrogen (TKN), total oxidized nitrogen 
(TON) and total nitrogen (TN). Biomass concentration of A. 
variabilis and N. muscorum was determined by fi ltration using 
a 120 μm planton net. Th e weight was determined using mono-
pan electronic balance. Th e values obtained were subjected to 
paired sample t-test to compare signifi cant (p-values) values in 
diff erent treatments using SPSS 11.5 ver. 

Results and discussion
Aft er completing the 15 day experimental period there was 

a signifi cant change in the physical and chemical properties of 
the kitchen waste water. All media showed a slightly change in 
the pH during the period of growth of two algal biofertilizers.

Th e optimum level of DO for algal culture is 5 mg/l (Dolly 
et al., 2007). Cultivation of A. variabilis and N. muscorum re-
sulted in the increased DO in 100% KW due to aeration. Th e 
initial level of DO in the BG-11 medium was high, since it was 
prepared using tap water containing considerable DO. As 75% 
KW contained 25% tap water, resulted in slightly elevated DO 
level compared to 100% KW (Fig 1a). 

Th e chemical composition of BG-11 medium resulted in low 
BOD since it contained no signifi cant amount of biodegradable 
organic compounds such as protein, carbohydrate or fat. A sig-
nifi cant reduction (p < 0.000) in BOD is observed in both 100% 
KW and 75% KW by A. variabilis and N. muscorum. Growth 
of N. muscorum in 100% KW resulted in maximum decrease in 
BOD (71.6%) (Fig 1b). 

Similarly the COD values decreased signifi cantly (p < 0.000) 
in 100% KW and 75% KW compared to BG-11 medium. N. mus-
corum was found more eff ective in reducing the COD content 
(95.4%) compared to A. variabilis (93.3%) (Fig 1c). 

Promya et al. (2006) reported 97% decrease in COD by cul-
tivation of blue green algae in 30% effl  uent from pig manure 
biogas digester.
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Improvement in water quality is oft en assessed by the ability 
of a process to reduce nutrient matter especially nitrogen and 
phosphorous. Cultivation of cyanobacteria in water with high 
nutrient matter can dramatically reduce nitrogen and phospho-
rous (Bitton, 1994). In the present study cultivating N. muscorum 
in waste water signifi cantly reduced nitrogen and phosphorous 
levels to ensure safe discharge besides production of blue green 
algal biomass as a source of biofertilizer. A. variabilis was found 
less eff ective than N. muscorum in removal of nitrogen and phos-
phorous contaminants from 100% KW and 75% KW.

Th e TP levels in all three media (BG-11, 100% KW, 75% 
KW) were initially high (3.8 to 4.53 mg/l) and decreased by 
55%, 88% with N. muscorum and 34.1% with A. variabilis in 
100% KW (Fig 1d).
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Figure 1a. Changes in dissolved oxygen

Figure 1b. Changes in biological oxygen demand

Figure 1c. Changes in chemical oxygen demand

Figure 1d. Changes in total phosphorous

Figure 1e. Changes in ammonia nitrogen

Figure 1f. Changes in organic nitrogen

Anabena variabilis  Nostoc muscorum
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 Initial concentration of NH3-N in 100% KW and 75%KW 
was 7.30 and 5.9 mg/l respectively (Fig 1e). 

Algae prefer to use NH3-N than NO3-N and the optimal 
concentration range of nitrogen for algal growth is 1.3 to 6.5 
mg/l (Seema and Trivedi, 2007). Aft er 15 days of cultivation 
the NH3–N levels in 100% KW dropped by 98.6% and 87% by 
N. muscorum and A. variabilis respectively. TKN is the sum of 
organic nitrogen and ammonia nitrogen (Stumm and Morgan, 
1996). Since BG-11 contained either ammonia or organic nitro-
gen, the initial and fi nal levels were very low. Kitchen waste water 
contained a signifi cant amount of both organic and ammonia 
nitrogen. Th e TKN values ranged between 24.83 and 21.6 mg/l 
in 100% KW and 75% KW respectively (Fig 1f, 1g). 
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N. muscorum was found more eff ective in treatment of waste 
water as it removed 95% of TKN.

NO3-N was the sole source of nitrogen for BG-11 medium, 
so the initial level was very high (31.94 mg/l). Cultivation of A. 
variabilis and N. muscorum reduced this by 94% and 97% re-
spectively in BG-11 medium. Th e lower starting level of NO3-N 
in 100% KW and 75% KW was 4.46 and 4.13 mg/l that was re-
duced by 98.3% in 100% KW and 75% KW to meet the stand-
ards for safe discharge in India according to standards of ICMR 
(1996) (Fig 1 h).

TN is the sum of TKN and total oxidized nitrogen (TON). 
Th e cultivation of blue green algae as a source of biofertilizer 
resulted in removal of 82 to 96% of total nitrogen. Th e highest 
percentage of TN removal was achieved by cultivating N. mus-
corum (Fig 1i).

Aft er cultivation of algae for 15 days in BG-11, 100% KW and 
75% KW it was found that the biomass of N. muscorum was high 
in all the media compared to A. variabilis (Fig 1j). 

Similarly the waste water arising from the production of sago 
starch with high carbon and nitrogen ration was used for pro-
duction of Spirulina cultivation. Th is waste water supported the 
growth of Spirulina platensis with an average specifi c growth of 
0.51 g/day compared with average 0.54 g/day in the inorganic 
medium (Laliberte et al., 1997). Supplementation of K2HPO4 
at 2.1 m.mol concentration and urea 6 m.mol concentration 
enhanced biomass productivity by 14%. Th e content of protein 
carbohydrate and lipid of Spirulina platensis was 68%, 23% and 
11% respectively in both waste water and inorganic cultivated 
media. Ebtesam (2008) cultivated cyanobacterial biomass in in-
dustrial wastewater for remediation process to eliminate highly 
toxic pollutants. 

Th e 100% KW from Tirumala hills was nearly as eff ective 
as BG-11 medium in biomass production. In the present study 
N. muscorum cultivation in wastewater is cost eff ective in pro-
duction of N2 fi xing biofertilizer besides remediation of waste 
water to meet the standards of safe discharge. Th e biomass of A. 
variabilis and N. muscorum obtained from inorganic medium 
and kitchen wastewater has similar potentiality in promoting 
the growth of important medicinal plants at nursery level (data 
to be communicated) 

Conclusion
Kitchen wastewater retains high concentration of inorganic 

phosphorous and nitrogen that may lead to eutrophication of 
the water bodies besides polluting the underground wastewater. 
Over the last few decades eff orts have been made to cultivate the 
benefi ciary microorganisms as a biological treatment for reme-
diation of waste water. Results of the present study proved that 
the kitchen wastewater can serve as best nutrient medium for 
cultivation of N. muscorum and A. variabilis to be used as biofer-
tilizers. N. muscorum is more effi  cient in removal of contami-
nants from kitchen wastewater than and A. variabilis. 

References
APHA., AWWA., WPCF. (1998). Standard methods for the 

examination of water and waste water. (20th, ed.), American 
Public Health Association, Washington DC, p 694.

Figure 1g. Changes in total kjeldhal nitrogen

Figure 1h. Changes in total nitrate nitrogen

Figure 1i. Changes in total nitrogen

Figure 1j. Changes in biomass

Anabena variabilis           Nostoc muscorum

Anabena variabilis              Nostoc muscorum

Anabena variabilis                  Nostoc muscorum

Anabena variabilis                  Nostoc muscorum

31
.9

4

1.
244.

46

0.
09

4.
13

0.
17

0.
08

31
.9

4

1.
964.

46

0.
18

4.
13

0.00

5.00
10.00

15.00

20.00
25.00

30.00
35.00

Before culture After culture Before culture After culture

to
ta

l n
itr

at
e 

ni
tr

og
en

 (m
g 

L-1
 )

BG-11 medium 
100% waste water medium 
75% waste water medium

0.
10

0.
04

24
.8

3

1.
40

21
.6

0

1.
90

1.
04

0.
10

0.
06

24
.8

3

2.
50

21
.7

0

0.00

5.00

10.00

15.00
20.00

25.00
30.00

Before culture After culture Before culture After culture

to
ta

l k
je

ld
ha

l n
itr

og
en

 (m
g 

L-1
 )

BG-11 medium 
100% waste water medium 
75% waste water medium

32
.0

0

1.
28

29
.2

9

1.
49

25
.7

3

2.
06

1.
10

31
.2

0

2.
02

29
.2

9

2.
68

25
.8

3

0.00
5.00

10.00
15.00
20.00
25.00
30.00
35.00

Before culture After culture Before culture After culture
N

to
ta

l n
itr

og
en

 (m
g 

L-1
 )

BG-11 medium 
100% waste water medium 
75% waste water medium

0.
94

1.
131.
14

1.
16

0.
96

1.
15

0.00

0.20

0.40

0.60

0.80

1.00

1.20

1.40

bi
om

as
s 

(d
ry

 w
ei

gh
t) 

(g
 L

-1
 )

BG-11 medium 
100% waste water medium 
75% waste water medium



Agric. conspec. sci. Vol. 75 (2010) No. 3

103Comparative Studies on Growth and Remediation of Waste Water by Two Cyanobacterial Biofertilizers

Bitton G. (1994). Waste water microbiology. Newyork, Wiley Liss, 
p 478.

Canizares R.O. (1993). Free and immobilized cultures of S. maxima 
for waste water treatment in Mexico. Biotechnol Lett 15: 
321-326.

Chuntapo B., Powtongsook S., Menasveta P. (2003). Water quality 
control using in shrimp culture tanks. Aquaculture 220: 
355-366.

Dolly WD., Radha P., Singh BV. (2007). Comparative performance 
of three carrier based blue green algal biofertilizers. J Sust Agric 
30 (2): 41-49.

Ebtesam El-Bestawy. (2008). Treatment of mixed domestic-
industrial waste water using cyanobacterial. J Ind Microbiol 
Biotechnol 35:1503-1516.

ICMR Bulletin. (1996). Standards of potable water in India.
Izu K., Nakajima F., Yamamoto K., Kurisu F. (2001). Aeration 

conditions aff ecting growth of purple non sulfur bacteria in an 
organic waste water treatment process. Systematic and applied 
Microbiology 24: 294-302.

Kantachote D. and Innuwat W. (2004). Isolation of Th iobacillus Sp 
for use in treatment of waste water. Songklanakarin J Science 
and Technology 26 (5): 649-657.

Laliberte G., Lessard P., de la Noue J., Sylvestre S. (1997). Eff ect of 
phosphorous addition on nutrient removal from waste water 
with the cyanobacterium Phomidium bohneri. Bioresource 
Technol 59:227-233.

Ponsano E.H.G., Locava P.M., Pinto M.F. (2003). Chemical 
composition of Rhodocyclus gelatinosus biomass produced 
in poultry slaughterhouse waste water. Brazilian Archives of 
Biology and technology 46: 1-11.

Promya J., Traichaiyaporn S., Deming R.L. (2006). 
Phytoremediation of domestic and industrial waste water by 
Spirulina platensis. Proc 40th Western Regl meeting. Am Chem 
Soc California, 22-25.

Radha Khale. (1999). Response of Nostoc muscorum in presence of 
vermicompost in saline soils. Annals of Forestry 1: 1-7.

Rodrigues. (2005). Role of Anabaena in cultivation of legumes in 
waste lands of Goa. In Proceedings of Mycorrhizae-biofertilisers 
for the future, New Delhi, India.

Sarada. (2007). Scope of cultivation and potential use of Nostoc 
muscorum as nitrogen fi xer in soils with low nitrogen status. 
Monogram on Nostoc. CFTRI, Mysore, India.

Seema C., Trivedi P.C. (2007). Biofertilizers: Boon for agriculture. 
In: Trivedi P (Ed) Biofertilizers, PVC 1-37.

Stumm W., Morgan J.J. (1996). Aquatic chemistry, chemical 
equilibria and rates in natural waters. (3rd, ed.), Wiley-
interscience, Newyork.

Subba Rao. (2002). A text book on biofertilizers. Oxford 
Publications, India.

acs75_14



<<
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /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 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 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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 600
  /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 (None)
  /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


