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Short Communication

Investigation of culture conditions for biosynthesis of
silver nanoparticles using Aspergillus fumigatus
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Abstract

In this study, silver nanoparticles were synthesized
using the fungus, Aspergillus fumigatus. The effects of
three independent variables including glucose content
of culture media, initial pH and initial spore concentra-
tion on biosynthesis of silver nanoparticles were inves-
tigated. These variables affect cell morphology, cell
mass, size and morphology of silver nanoparticles and
degree of silver ion reduction. The formation of silver
nanoparticles was confirmed spectrophotomterically.
Size and morphology of silver nanoparticles were
investigated using transmission electron microscopy
(TEM). The effects of culture conditions on cell mass
concentration as well as the amount and size of syn-
thesized silver nanoparticles were studied. As a result,
the optimum culture condition for biosynthesis of silver
nanoparticles consisted of a glucose concentration of
16 g/l, pH of 4.5 and spore concentration of 1.5x107
spore/l. TEM micrographs showed that the size of
nanoparticles in the sample synthesized under opti-
mized condition was in the range of 7-19 nm.
Keywords: Silver nanoparticles; Biosynthesis;
Aspergillus fumigatus; Culture conditions

One of the most important criteria of nanotechnology
is that of the development of clean, nontoxic and envi-
ronmentally acceptable ““green chemistry” procedures,
involving organisms ranging from bacteria to fungi
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and even plants (Bhattacharya et al., 2005; Sastry et
al., 2004). The interactions between microorganisms
and metals have been well documented and the ability
of microorganisms to extract and/or accumulate metals
is already employed in biotechnological processes
such as bioleaching and bioremediation (Gericke et
al., 2006).

Synthesis of nanoparticles employing microorgan-
isms has attracted great interest due to their unusual
optical (Krolikowska et al., 2003), chemical (Kumar et
al., 2003), photoelectrochemical (Chandrasekharan et
al., 2000) and electronic properties (Peto et al., 2002),
which enable the synthesis of nanoparticles of differ-
ent chemical compositions, well-defined sizes and dis-
tinct morphologies (Bhattacharya et al., 2005). It is
well known that many organisms can synthesize inor-
ganic materials either intra- or extracellularly
(Dickson, 1999; Kroger et al., 1999; Mandal et al.,
2006; Mann, 1996; Oliver et al., 1995; Mann, 1993;
Simkiss et al., 1989; Lovley et al., 1987).

The use of fungi in the synthesis of nanoparticles is
a relatively recent addition to the list of microorgan-
isms possessing nanoparticle biosynthesis “ability”.
Application of fungi to produce nanoparticles is poten-
tially exciting because of their ability to secrete large
amounts of enzymes. Some of the microorganisms,
which have been widely used for synthesizing of silver
nanoparticles include microorganisms such as,
Verticillium sp., Fusarium oxysporum, Pseudomonas
stutzeri AG259 (Kuber et al., 2006; Sastry et al., 2003)
and Aspergillus fumigatus (Bhainsa and D’Souza,
2006). Except for F. oxysporum and A. fumigatus,
biosynthesis of silver nanoparticles by the abovemen-
tioned microorganisms is intracellular. It is possible to
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release intracellular silver and gold nanoparticles via
ultrasound treatment of the biomass-nanoparticles
composite or via reaction with suitable detergents.
Nonetheless, it would be far more practical if the metal
ions exposed to the fungus could be reduced outside
the fungal biomass, leading to the formation of metal
nanoparticles in solution. (Mandal et al., 2006)
Therefore in this study 4. fumigatus was used to
reduce silver ions extracellularly. According to the pre-
liminary study of Bhainsa and D’Souza (2006), this
fungus is a good candidate for rapid biosynthesis of
silver nanoparticles. In this research, the effects of glu-
cose concentration, pH and number of spores on the
size and morphology of silver nanoprticles were inves-
tigated using U'V- visible spectrophotometry and trans-
mission electron microscopy (TEM).

In order to prepare the required biomass for the
biosynthesis of silver nanoparticles, spores of A. fumi-
gatus Ug»60° which had originally been isolated from
the Bidestan Distillery and Food Products, Qazvin,
Iran for biodecolorization of distillery spent wash
(Pazouki et al., 2006; Pazouki et al., 2005) were main-
tained on potato dextrose agar (PDA) slants for 5 days.
Twenty experiments were designed using the central
composite design (CCD) at five levels (Montgomery,
2005) to investigate the effects of culture media condi-

Table 1. Culture conditions of A. fumigatus for biosynthesis of silver
nanoparticles using central composite design CCD.

Sample  Glucose pH Spore concentration
(9/1) (x108/1)

1 16 4.5 8
2 16 4.5 8
3 7 6 3.7
4 7 6 12.3
5 25 3 12.3
6 16 4.5 8
7 25 6 12.3
8 16 4.5 8
9 25 3 3.7
10 25 6 3.7
11 7 3 12.3
12 7 3 3.7
13 0.86 4.5 8
14 16 4.5 8
15 16 4.5 7.5
16 16 4.5 8
17 31.14 4.5 8
18 16 7.02 8
19 16 4.5 15.2
20 16 1.98 8

tions on the biosynthesis of silver nanoparticles. This
design has the advantage of using a minimum number
of trials. The parameters studied, were glucose concen-
tration, initial pH and the number of spores in liquid
culture media. These parameters were selected due to
their influence on morphology and metabolite produc-
tion (Pazouki and Panda, 2000). Hence 20 liquid
media containing (g/l) KH,PO, 7.0, K,HPO, 2.0,
MgSO, 7H,0 0.1, (NH,4),SO, 1.0, yeast extract 0.6,
different glucose concentrations and pH were prepared
using CCD (Table 1). Then, the respective numbers of
spores were inoculated and the fungus was grown aer-
obically. The flasks were incubated at 25°C on an
orbital shaker (Sm-920, Borhan Pouya Co., Iran) with
agitation at 160 rpm. After 72 h of cultivation, the
resulting biomasses in the flasks were harvested using
a sterilized sieve and washed extensively with distilled
water to remove medium components. The obtained
biomass in each run of the experiment as it was pro-
duced, was added to 100 ml of Milli-Q deionized
water and incubated at 30°C for 72 h on an orbital
shaker, with shaking at 130 rpm. After the incubation
period, for the purpose of the synthesis of silver
nanoparticles, AgNO; (1 mM) was mixed with the bio-
mass filtrate that was obtained by passing it through
Whatman filter paper no. 42, in a 250 ml Erlenmeyer
flask . The resulting mixture was incubated at 25°C in
the dark, with agitation at 130 rpm (Bhainsa and
D’Souza, 2006).

In order to observe the effect of biomass on synthe-
sized silver nanoparticles, silver nitrate was added to
the samples under the same conditions but, containing
biomass. Whereas the rapid synthesis of silver
nanoparticles is possible using A. fumigatus, the UV
spectra of samples were obtained using UV-visible
spectrophotometer (CECIL 30E 9500, England) after 4
h in order to compare the intensities of peaks related to
silver nanoparticles. The sample of biomass filtrate
which had the desirable UV spectrum with regard to

Figure 1. Color change of cell filtrate A: after adding silver nitrate
(1mM) at the start of the reaction and B: after 72 h.
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the silver nanoparticles was used for electron transmis-
sion microscopy (TEM). A drop of the sample was
placed on the carbon coated copper grid of the micro-
scope (CEM902A, Zeiss, Germany).

Reduction of silver ions was reflected in the chang-
ing color of the cell filtrate, from pale yellow to a
brown shade as shown in Figure 1. Due to the comple-
tion of the reaction, the intensity of the brownish color
increased. In addition, the presence and production of
silver nanoparticles were confirmed by UV-visible
spectrophotometry, whereby light absorption at
approximately 420 nm was attributed to to the surface
plasmon resonance of the silver nanoparticles .

Desirable UV spectra were obtained by samples
with high absorption intensity due to high levels of

reduced silver ions or smooth curves due to better size
distributions (Khosravi et al., 2007). As denoted in
Figure 2, the sample from run 19 had the highest inten-
sity of light absorption at 420 nm but the shape of the
UV spectrum of the sample from run 15 was much
smoother.

Figure 3 shows the UV spectrum of the samples
from runs 15 and 19 containing biomass. The UV
spectrum of samples containing biomass did not show
admissible absorption intensity at 420 nm as compared
to the samples containing cell filtrate, indicating low
concentration of silver nanoparticles in the media. The
color of media did not change significantly either,
instead the color of the biomass surfaces changed to a
brownish red after adding silver nitrate. It shows that
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Figure 2. Ultraviolet spectra of selected samples from the central composite design (CCD) experiment where,: A: 1, B: 4, C: 13, D: 15, E:
19.
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Figure 3. Ultraviolet spectrum of samples 15 (Black) and 19 (Grey)
containing biomass.

the synthesized silver nanoparticles had accumulated
on the cell wall. Hence, the benefits of external biosyn-
thesis of silver nanoparticles could not be appreciated
because the detachment of nanoparticles would be a
difficult and extra process.

Figure 4 shows the TEM micrograph of silver
nanoparticles synthesized according to the culture con-
ditions of runs 15 and 19. As seen in this Figure, the
morphology of nanoparticles is almost spherical. The
sizes the nanoparticles in the sample of run 19 ranged
from 7- to 35 nm and the sizes of nanoparticles in the
sample from run 15 was in the range of 16-50 nm.
Moreover, there was some aggregation between the
silver nanoparticles synthesized in the sample from
run 15.

Table 2 includes the cell dry mass produced dur-
ing each run, indicating the effects of culture condi-

tions on the amount of cells produced. In addition, it
was observed that these parameters affected the mor-
phology and even the color of the fungal cells.
Therefore, the chosen culture variables including glu-
cose concentration, initial pH and number of spores
were required to be considered in order to obtain desir-
able nanoparticles. According to the obtained results,
the optimum culture conditions of 4. fumigatus for
biosynthesis of silver nanoparticles included a glucose
concentration of 16 g/I, pH of 4.5 and spore concentra-
tion of 1.5x107/1.

Application of biological systems for synthesis of
silver nanoparticles has already been reported (Sastry
et al., 2003; Klaus-Jeorger et al., 2001). However, the
exact mechanism leading to the formation of silver
nanoparticles by all these organisms is yet to be eluci-
dated. Ahmad et al. (2003) have reported that certain
NADH dependent reductases of F. oxysporum were
involved in the reduction of silver ions. Also, Duran et
al. (2005) have studied several strains of the fungus F.
oxysporum and have reported that the reduction of the
metal ions occurs by a nitrate-dependent reductase and
a shuttle quinone extracellular process. One reason for
aggregation of sample 15 could be the use of a fewer
number of spores as compared with that of sample 19.
Therefore, the spore inoculum concentration affects
the synthesized nanoparticles.

There are a few reports on the effects of culture
conditions on the biosynthesis of metal nanoparticles.
Mohammadian et al. (2007) have investigated the
effects of growth conditions on the biosynthesis of sil-
ver nanoparticles by F. oxysporum. They have report-
ed that consistency in the fungus growth conditions

Figure 4. Transmission Electron Microscopy (TEM) micrograph of silver nanoparticles synthesized by A. fumigatus under cul-
ture conditions of A: sample 15 (scale bar: 50 nm) B: sample 19 (scale bar: 50 nm).
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Table 2. Cell mass obtained under different culture conditions obtained by Central

Composite Design CCD.

Sample Cell mass (g) Sample Cell mass (g)
1 0.336 11 0.191
2 0.327 12 0.150
3 0.186 13 0.337
4 0.159 14 0.650
5 0.438 15 0.637
6 0.264 16 0.714
7 0.498 17 0.738
8 0.296 18 0.760
9 0.457 19 0.665
10 0.474 20 0

including cultivation temperature, carbon source con-
centration and shaking frequency is not a determining
factor affecting the rate of nanoparticles biosynthesis.
However, there is no report on the effects of the num-
bers of spores on biosynthesis of metal nanoparticles.
In this study, some of the fungus culture variables
including initial pH, glucose concentration and spore
number have been found to affect the morphology and
amount of fungal biomass produced and also the size
and morphology of synthesized silver nanoparticles.

Acknowledgments

This study was performed at the Materials and Energy
Research Center and financially supported by the
Graduate Studies Office, Karaj, Tehran.

References

Ahmad A, Senapati S, Khan MI, Kumar R, Sastry M (2003).
Extracellular biosynthesis of monodispersed gold nanoparti-
cles by a novel extermophillic actinomycete, Thermonospora
sp. Langmuir 19: 3550-3553.

Bhainsa KC, D’Souza SF (2006). Extracellular biosynthesis of sil-
ver nanoparticles using the fungus Aspergillus fumigatus. Coll
Surf B Bioint. 47: 160-164.

Bhattacharya D, Rajinder G (2005). Nanotechnology and potential
of microorganisms. Crit Rev Biotechnol. 25: 199-204.

Chandrasekharan N, Kamat PV (2000). Improving the photoelec-
trochemical performance of nanostructured TiO, films by
adsorption of gold nanoparticles. J Phys Chem B. 104: 10851-
10857.

Dickson DPE (1999). Nanostructured magnetism in living sys-
tems. J Magn Mater. 203: 46-49.

Gericke M, Pinches A (2006). Biological synthesis of metal nano-
particles. Hydrometallurgy 83: 132-140.

Duran N, Marcato PD, Alves OL, D’Souza IH-G, Esposito E
(2005). Mechanistic aspects of biosynthesis of silver nanopar-

60

ticles by several Fusarium oxysporum strains. J Nanobiotech.
3: 8-12.

Khosravi A, Shojaosadati SA (2007). Biosynthesis of Silver
nanoparticles and product evaluation. Thesis Submitted in
Partial Fulfillment of the Requirements for the Degree of
Master of Science (M.S.) in Nanotechnology, Tarbiat
Modares University. 57-58.

Klaus-Jeorger T, Jeorger R, Olsson E, Granqvist C (2001). Bacteria
as workers in the living factory: metal accumulating bacteria
and their potential for material science. 7ran Biotech. 19: 15-
20.

Kroger N, Deutzmann R, Sumper M (1999). Polycationic peptides
from diatom biosilica that direct silica nanosphere formation.
Science 286: 1129-113.

Krolikowska A, Kudelski A, Michota A, Bukowska J (2003).
SERS studies on the structure of thioglycolic acid monolayers
on silver and gold. Surf" Sci. 532: 227-232.

Kumar A, Mandal S, Selvakannan PR, Parischa R, Mandale AB,
Sastry M (2003). Investigation into the interaction between
surface-bound alkylamines and gold nanoparticles. Langmuir
19: 6277-6282.

Lovley DR, Stolz JF, Nord GL, Philips EJP (1987). Anaerobic pro-
duction of magnetite by a dissimilatory iron-reducing micro-
organism. Nature 330: 252-254.

Mandal D, Bolander ME, Mukhopadhyay, Sarkar G, Mukherjee P
(2006). The use of microorganisms for the formation of metal
nanoparticles and their application. J Appl Microbiol
Biotechnol. 69: 485-492.

Mann S (1993). Molecular tectonics in biomineralization and bio-
mimetic materials chemistry. Nature 365: 499-505.

Mann S (1996). Biomineralization and Biomimetic Chemistry. In:
Biomimetic materials Chemistry. VCH, New York. PP. 1-40.

Mohammadian A, Shojaosadati SA, Habibi Rezaee M (2007).
Fusarium oxysporum mediates photogeneration of silver
nanoparticles. J Sci Iran. 14: 323-326.

Montgomery DC (2005). Response surface methods and designs,
In: design and analysis of experiments. 61 Edition, John
Wiley & Sons. PP. 405-463.

Oliver S, Kupermann A, Coombs N, Lough A, Ozin GA (1995).



Ranjbar Navazi et al.

Lamellar aluminophosphates with surface patterns that mimic
diatom and radiolarian microskeletons. Nature 378: 47-50.

Pazouki M, Hussainnia A, Moztarzadeh F, Banifathemi M (2006).
Application of response surface methodology for optimiza-
tion of important parameters in decolorizing treated distillery
wastewater using Aspergillus fumigatus Ug,60. Int Biodet
Biodeg J. 57: 195-199.

Pazouki M, Hussainnia A, Shayegan J, Banifathemi M (2005).
Decolorization of distillery wastewater by UV irradiated
spores of Aspergillus fumigatus. Iran J Chem Eng. 2: 49-55.

Pazouki M, Panda T (2000). Understanding the morphology of
fungi. Biopr Eng. 22: 127-143.

Peto G, Molnar GL, Paszti Z, Geszti O, Beck A, Guczi L (2002).
Electronic structure of gold nanoparticles deposited on
SiOx/Si. Mater Sci Eng C. 19: 95-99.

Sastry M, Ahmad A, Khan MI, Kumar R (2003). Biosynthesis of
metal nanoparticles using fungi and actinomycete. Curr Sci.
85: 162-170.

Sastry M, Ahmad A, Khan MI, Kumar R (2004). Microbial nano-
particle production. In: Nanobiotechnology, Niemeyer CM,
Mirkin CA (eds). Wiley-VCH, Weinheim, Germany. PP. 126-
135.

Simkiss K, Wilbur KM (1989). Biomineralization. Academic
press, New York.

61




<<
  /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


