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Degradation of butylbenzyl phthalate (BBP) by the white
rot fungus Pleurotus ostreatus and the activities of some
degrading enzymes were examined in two different media
containing 100 mg/l of the compound. P. ostreatus pre-
grown for 7 days in complex YMG medium was able to
completely degrade BBP within an additional 24 h but
degraded only 35 mg/l of BBP in 5 days of incubation in
minimal medium. Fungal cell mass in the culture in YMG
medium was higher in the presence than in the absence of
BBP. The esterase activity of the fungal culture in YMG
medium was higher than that in minimal medium and
increased with the addition of BBP. On the contrary,
laccase activity was higher in minimal medium and it did
not increase upon the addition of BBP. General peroxidase
activity increased for a few days after the addition of BBP
to both media. The degradation of BBP and its metabolites
by P. ostreatus thus may be attributed mostly to esterase
rather than lignin-degrading laccase. In addition, the
activities of the enzymes involved in BBP degradation and
their changes varied significantly in the different media
and culture conditions.

Keywords: Biodegradation, butylbenzyl phthalate, esterase,
laccase, Pleurotus ostreatus

Endocrine-disrupting chemicals (EDCs) are exogenous
substances that interfere with synthesis, secretion, transport,
and binding in the human body and disrupt and eliminate
natural hormones responsible for the maintenance of
homeostasis [24]. EDCs encompass a variety of chemical
classes, including pesticides, compounds used in the plastics
industry and in consumer products, and other industrial by-
products and pollutants. Among these, butylbenzyl phthalate
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(BBP) is mainly used in vinyl tile and as a plasticizer.
Because of its widespread use in many industrial fields,
BBP as an environmental pollutant is widely dispersed and
is a threat to the health of all organisms including human
beings.

Recently, white rot fungi have been found to degrade
EDCs such as alkylphenol, bisphenol A, and phthalates [6,
11, 25]. The capability of most white rot fungi to degrade a
wide range of EDCs is due to extracellular ligninolytic
enzymes such as lignin peroxidase, manganese-dependent
peroxidase, and laccase [3, 8, 18, 21]. Although white rot
fungi have many advantages for the biodegradation of
recalcitrants, their degradation abilities and the enzymes
involved may change depending on the types and
characteristics of the chemicals and culture conditions. As
an example, Irpex lacteus showed the highest TNT degrading
activity among the white rot fungi tested but exhibited the
lowest BBP degradation rate [8, 10]. Tapia and Vicufa
[19] reported that lignin mineralization by Ceriporiopsis
subvermispora and manganese peroxidase and laccase
titers changed as a result of pH changes in the culture
according to the concentrations of the nitrogen sources.

To date, studies on the degradation of phthalates by white
rot fungi have been focused mainly on their degrading
capability, enzymatic transformation, and the degradation
pathway [8, 13, 22]. Studies on the type and activity of the
enzymes involved and the effects of environmental conditions
are also important for understanding the mechanisms of
phthalate biodegradation by white rot fungi. To this end,
the BBP degradation capability of P ostreatus in two
different media was examined in this study, and culture
parameters affecting BBP degradation were also investigated.

Initially, BBP degradation by, and culture conditions for,
P ostreatus isolated from forest soil in Kangwon-Do,
Korea were investigated. P. ostreatus was grown in YMG
broth medium (4 g yeast extract, 10 g malt extract, and 4 g
glucose per 11 distilled water, pH 6.0) on a rotary shaker
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(130 rpm) for 5 days at 30°C. After incubation, the fungal
culture was blended with a homogenizer (Model X120;
CAT, Germany) for 30s. The blended fungal culture
(0.5 ml) was inoculated into 20 ml of fresh YMG or a
minimal medium (10 g glucose, 1 g KH,PO,, 1 g K,HPO,,
3 g (NH,),PO,, 0.3 g MgSO,, and 0.1 g CaCl, per 11
distilled water) and incubated for 7 days on a shaking
incubator at 30°C. Subsequently, BBP purchased from
Sigma Aldrich Chemical Co. (St. Louis, MO, USA) was
added to a final concentration of 100 mg/l, and the fungal
cultures were further incubated for an additional 5 days.
BBP was added after 7 days of preincubation to allow for
the production of sufficient amounts of fungal mycelia and
the extracellular enzymes necessary for BBP degradation.
During the entire incubation period, the pH of control
cultures with and without BBP was determined daily. BBP
degradation by the fungi was also determined daily by gas
chromatography (HP 5890; Hewlett Packard Co., USA)
with a flame ionization detector, the analytical procedure
for which was described in a previous report [8]. The
concentration of residual glucose in the media was analyzed
by high-performance liquid chromatography (Waters Breeze
Model; Waters Co., USA). Analytical conditions were as
follows: OP NH, column (250%x46 mm; RS Tech, Korea),
40°C column temperature, 75:25 acetonitrile/water mobile
phase, 1.2 ml/min flow rate, and RI detector. For the
measurement of fungal mass, the fungal culture was filtered
through filter paper (Whatman No. 3; Whatman, USA) and
dried at 100°C for 24 h. The dried fungal mass was weighed
on an analytical balance.

Since the ligninolytic enzymes involved in most aromatic
compound degradation pathways in white rot fungi, which
are usually produced during secondary metabolism, are
brought about by a deficiency such as in C or N, most
fungal degradation studies have used a minimal medium
[16, 19, 20, 29]. However, because the nutrient-rich YMG
medium may be more effective for the degradation of
some aromatics than minimal medium [10], we compared
BBP degradation in both media. In YMG medium, P
ostreatus pre-grown for 7 days was able to degrade
completely 100 mg/l of BBP within 24 h of additional
incubation. In contrast, pre-grown P. ostreatus in minimal
medium could not completely remove BBP, and only 35%
of BBP was removed during an additional 5 days of
incubation (Fig. 1). Similarly, low-level BBP degradation
(30%) by another white rot fungus, Phlebia tremellosa,
was also reported in a different minimal medium [28].
Although the culture conditions were different, BBP
degradation in YMG medium was faster than that by
Arthrobacter sp., which could degrade 100% of 25 mg/l
BBP in 4 days [6], and a sludge sample, which showed a
half-life of 0.9—1.2 days for 100 mg BBP/kg [5].

Determining the effects of various culture parameters on
BBP degradation may be important for understanding the
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Fig. 1. Degradation of 100 mg/l BBP by P. ostreatus precincubated
for 7 days before addition of BBP. Symbols: uninoculated control
(@), inoculated in minimal medium (M), inoculated in YMG
medium (J).

mechanisms of phthalate biodegradation, because a sufficient
amount of fungal mass may be required for the efficient
initial degradation of xenobiotics by white rot fungi [8,
10]. In addition, the pH of a fungal culture has a significant
effect on fungal growth and the activity of BBP-degrading
enzymes [1, 18, 21]. In this study, changes in medium pH
and fungal mass were monitored during the degradation of
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Fig. 2. Changes in pH and fungal mass (g dry weight/l) during
degradation of 100 mg/l BBP by P. ostreatus in YMG medium
(A) and minimal medium (B).

BBP was added to fungal cultures after 7 days of incubation. Symbols: pH
(M) and fungal mass (closed bar) in the culture without BBP; pH (1) and
fungal mass (open bar) with BBP.



BBP by P ostreatus (Fig. 2). The dry weight of fungal
biomass and pH were higher in YMG medium than in the
minimal medium and these differences seemed to be the
main reasons for the higher rate of BBP degradation in the
former. Culture pH in the YMG medium increased from
5.8 to 8 after 7 days of preincubation, and fungal mass
rapidly increased during the initial 3 days of preincubation
and then decreased slightly. Xu et al. [27] also reported the
highest BBP removal rate between pH 7.0 and 7.5 in a
culture of Pseudomonas fluorescens; this rate was 6 times
higher than that at pH 5.0. A similar pH increase was
observed during the degradation of synthetic lignin by
Ceriporiopsis subvermispora at high nitrogen concentrations
[19], but the explanation for this phenomenon is unclear.
After the addition of 100 mg/l BBP to the fungal culture
herein, the pH decreased slightly and was maintained
between 7.6 and 8.0 during the additional 5-day incubation.
The pH decrease in the YMG medium after the addition of
BBP may be due to the subsequent formation of metabolic
intermediates from BBP degradation. In the biodegradation
of BBP, phthalic acid is produced as a main metabolite and
it may change the culture pH [5, 6, 26]. Fungal mass in the
YMG medium began to decrease at the end of preincubation
owing to the depletion of substrate. However, the culture
containing BBP contained more biomass than that without
BBP, suggesting that P. ostreatus utilized BBP as a carbon
source. The concentration of glucose rapidly decreased
during the initial 4 days of preincubation and was below
0.5mg/l at the end of preincubation, perhaps inducing
BBP degradation. On the contrary, the pH in the minimal
medium dropped from an initial 6.0 to below 4 after 4 days
of incubation and was maintained at a similar level until
12 days; this response might be due to the production of
various organic acids as metabolites and the weak buffering
capacity of the medium. Similar pH decreases during
fungal incubation in minimal media were reported in other
studies in which they were explained to be the result of the
production of organic acids such as oxalate and malonate
and the metabolism of buffer by the fungus [15, 19]. This
low pH seemed to be the main reason for the lower
biomass and degree of BBP degradation compared with
those in YMG medium. Medium pH and fungal mass were
not affected significantly by the addition of BBP.

It is known that a variety of enzymes are involved in the
degradation of recalcitrant aromatics by white rot fungi
and that those participating in the initial metabolism differ
depending on the compound [14]. For the degradation of
phenanthrene by P. ostreatus, membrane-bound enzymes
such as cytochrome P-450 monooxygenase and epoxide
hydrolase were involved in the initial degradation rather
than laccase and manganese peroxidase [1]. Unlike the
fungal degradation of phenolic EDCs such as bisphenol A
and alkylphenol, which can proceed by the action of
laccase and peroxidases [4, 14], the initial transformation
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of nonphenolic compounds including phthalates cannot be
carried out by laccase unless some mediators are also
present [14]. However, Yeo et al. [28] reported an increase
in laccase activity and transcript level in a culture of
Phlebia tremellosa containing BBP.

In this study, the activities of several enzymes expected
to be involved in BBP degradation were examined in a
culture of P ostreatus in two different media, to elucidate
the correlation between the degree of degradation and
these activities. To measure the activity of laccase, a typical
ligninolytic enzyme, 0.1 ml of fungal culture filtrate was
added to 0.4 ml of distilled water followed by the addition
of 0.5 ml of 2 mM 2,6-dimethoxyphenol. Laccase activity
was determined by measuring the rate of production of
3,3',5,5'-tetramethoxy-diphenoquinone in a spectrophotometer
at 469 nm [23]. The activity of general peroxidase, another
degrading enzyme of white rot fungi, was measured using
carbazole (3-amino-9-ethyl-carbazole) as a substrate. Culture
filtrate (0.12 ml) was added to 0.8 ml of a solution containing
0.05% carbazole and 0.3% (v/v) H,0O, in 50 mM sodium
acetate buffer and then incubated at 30°C for 40 min. After
incubation, the OD,s of the reaction mixture was measured
in a spectrophotometer, and 0.01 of OD,,; was expressed
as 1 U/ml of enzyme activity [17]. In addition, esterase
activity was determined by measuring the concentration of
p-nitrophenol produced by the hydrolysis of p-nitrophenyl
butyrate (pNPB). The fungal cultures were filtered with
filter paper (Whatman No. 3) and then centrifuged (16,600
xg, 20 min). Culture filtrate (0.1 ml) was added to 0.9 ml
of a solution (10 ul pNPB stock solution [1.76% (v/v)
PNPB in acetonitrile], 790 pl of 50 mM phosphate buffer
[pH 7.0], and 100 pl of 0.04% Triton X-100), and the final
concentration of pNPB was 1.001 mM. After incubation
for 5 min at 37°C, the absorbance was measured at 405 nm
in a spectrophotometer (UV-1700; Shimadzu Co., Japan).
The outcome was expressed as U/ml, which means that
one unit of esterase activity converts one micromole of
PNPB to p-nitrophenol per minute [7].

Fig. 3 shows the activities of laccase, esterase, and
general peroxidase in the fungal cultures during the 12-day
incubation. After the addition of BBP, esterase and general
peroxidase titers in the YMG medium increased rapidly and
were maintained at higher levels than those in the control
without BBP. Esterase activity decreased during the later
incubation period in the YMG medium but was higher in
the culture containing BBP than in the control. General
peroxidase activity in the YMG medium decreased after 3
days of BBP degradation and then became lower than that
in the control. Laccase activity in the YMG medium was
somewhat low, and BBP-containing medium had lower
activity than the control, supporting the observation that
the initial transformation of phthalates cannot be carried
out by laccase [14]. Laccase activity in the minimal medium
was higher than that in the YMG medium, but esterase
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Fig. 3. Activities of laccase, esterase, and peroxidase during degradation of 100 mg/l BBP by P. ostreatus in YMG medium (A) and

minimal medium (B).

BBP was added to fungal cultures after 7 days of incubation. Symbols: without BBP (closed bar); with BBP (open bar).

activity was negligible. Although laccase and general
peroxidase activities increased with the addition of BBP,
they decreased after 3 days of BBP degradation and then
became lower than the control. General peroxidase may be
involved in the degradation of metabolites produced from
the initial degradation of BBP. In both YMG and minimal
media, lignin peroxidase and manganese-dependent
peroxidase activities were negligible (data not shown).
The inverse pattern of the esterase and laccase activities
of P. ostreatus in the two different media might be due to
the changes in pH of the fungal culture, although the pH
optima of the enzymes are highly dependent on the
substrate. It was reported that the optimal pH of esterase
produced by fungi is between 7.0 and 9.0. The optimal pH
of xylan esterase produced by the anaerobic fungus
Orpinomyces sp. strain PC-2 is 9.0 and that of cholesterol

esterase from Trichoderma sp. AS59 is 7.0 [2, 12]. In turn,
the optimal pH of laccase produced by Trametes modesta
is in the range of 3.0-5.0 [9]. Since the increased expression
of laccase upon addition of phthalates in another white rot
fungus, Phlebia tremellosa, has been reported [28], the
degradation of BBP and its metabolites by the laccase of P
ostreatus under optimal pH conditions should be investigated.
The biochemical characteristics of the esterase and laccase
produced by P ostreatus should also be examined in a
further study.

BBP was completely degraded within 24 h in a culture
of P. ostreatus pre-grown for 7 days in complex YMG
medium. BBP degradation could be attributed to esterase
rather than lignin-degrading laccase, which may not play a
major role in the initial attack of nonphenolic substrates.
These results indicate that the production of degrading



enzymes and the subsequent degradation of recalcitrant
compounds by white rot fungi are dependent on the culture
conditions and the type of chemicals involved.

Acknowledgments

This study was supported by the Korea Ministry of
Environment as “The Eco-Technopia 21 Project” (Grant
No. 031-071-030). The authors are grateful to Dr. K. Kim
of Kangnung National University for providing the fungal
strain.

REFERENCES

10.

11.

. Bezalel, L., Y. Hadar, P. Fu, J. Freeman, and C. Cerniglia. 1997.

Metabolism of phenanthrene by the white rot fungus Pleurotus
ostreatus. Appl. Environ. Microbiol. 62: 2547-2553.

. Blum, D., X.-L. Li, H. Chen, and L. Ljungdahl. 1999.

Characterization of an acetyl xylan esterase from the anaerobic
fungus Orpinomyces sp. strain PC-2. Appl. Environ. Microbiol.
65: 3990-3995.

. Cabana, H., J. Jiwan, R. Rozenberg, V. Elisashvili, M. Penninckx,

S. Agathos, and J. Jones. 2007. Elimination of endocrine-
disrupting chemicals nonylphenol and bisphenol A and personal
care product ingredient triclosan using enzyme preparation from
the white rot fungus Coriolopsis polyzona. Chemosphere 67:
770-778.

. Cabana, H., C. Alexander, S. Agathos, and J. Jones. 2009.

Immobilization of laccase from the white rot fungus Coriolopsis
polyzona and use of the immobilized biocatalyst for the
continuous elimination of endocrine disrupting chemicals.
Bioresour. Technol. 100: 3447-3458.

. Chang, B., T. Wang, and S. Yuan. 2007. Biodegradation of four

phthalate esters in sludge. Chemosphere 69: 1116—1123.

. Chatterjee, S. and T. Dutta. 2008. Complete degradation of

butyl benzyl phthalate by a defined bacterial consortium: Role
of individual isolates in the assimilation pathway. Chemosphere
70: 933-941.

. Davies, K., I. Lorono, S. Foster, D. Li, K. Johnstone, and A.

Ashby. 2000. Evidence for a role of cutinase in pathogenicity of
Pyrenopeziza brassicae on brassicas. Physiol. Mol. Plant
Pathol. 57: 63-75.

. Hwang, S.-S., H. Choi, and H.-G. Song. 2008. Biodegradation

of endocrine-disrupting phthalates by Pleurotus ostreatus. J.
Microbiol. Biotechnol. 18: 767-772.

. Heinzkill, M., L. Bech, T. Halkier, P. Schneider, and T. Anke.

1998. Characterization of laccases and peroxidases from wood-
rotting fungi (family Coprinaceae). Appl. Environ. Microbiol.
64: 1601-1606.

Kim, H.-Y. and H.-G. Song. 2000. Comparison of 24,6~
trinitrotoluene degradation by seven strains of white rot fungi.
Curr. Microbiol. 41: 317-320.

Lee, S.-M., B.-W. Koo, S.-S. Lee, M.-K. Kim, D.-H. Choi, E.-].
Hong, et al. 2004. Biodegradation of dibutylphthalate by white
rot fungi and evaluation on its estrogenic activity. Enzyme
Microb. Technol. 35: 417-423.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

PHTHALATE DEGRADATION BY PLEUROTUS OSTREATUS 243

Maeda, A., T. Mizuno, M. Bunya, S. Sugihara, D. Nakayama,
S. Tsunasawa, et al. 2008. Characterization of novel cholesterol
esterase from Trichoderma sp. AS59 with high ability to
synthesize steryl esters. J. Biosci. Bioeng. 105: 341-349.

Niazi, J., D. Prasad, and T. Karegoudar. 2001. Initial
degradation of dimethyl phthalate by esterases from Bacillus
species. FEMS Microbiol. Lett. 196: 201-205.

Rodriguez, E., O. Nuero, F. Guillén, A. Martinez, and M.
Martinez. 2004. Degradation of phenolic and non-phenolic
aromatic pollutants by four Pleurotus species: The role of laccase
and versatile peroxidase. Soil Biol. Biochem. 36: 909-916.
Stals, 1., K. Sandra, S. Geysens, R. Contreras, J. Van Beeumen,
and M. Claeyssens. 2004. Factors influencing glycosylation of
Trichoderma reesei cellulases 1: Postsecretorial changes of the
O- and N-glycosylation pattern of Cel7A. Glycobiology 14:
713-724.

Svobodova, K., M. Senholdt, C. Novotny, and A. Rehorek.
2007. Mechanism of Reactive Orange 16 degradation with the
white rot fungus Irpex lacteus. Process Biochem. 42: 1279—1284.
Syros, T., T. Yupsanis, M. Omirou, and A. Economou. 2004.
Photosynthetic response and peroxidases in relation to water
and nutrient deficiency in Gerbera. Environ. Exp. Botany 52:
23-31.

Tanaka, T., K. Yamada, T. Konishi, H. Goto, and M. Taniguchi.
2000. Enzymatic degradation of alkylphenols, bisphenol A, synthetic
estrogen and phthalic ester. Water Sci. Technol. 42: 89-95.
Tapia, J. and R. Vicufia. 1995. Synthetic lignin mineralization
by Ceriporiopsis subvermispora is inhibited by an increase in
the pH of the cultures resulting from fungal growth. Appl.
Environ. Microbiol. 61: 2476-2481.

Tien, K. and T. Kirk. 1988. Lignin peroxidase of Phanerochaete
chrysosporium. Methods Enzymol. 161: 238-249.

Tsutsumi, Y., T. Haneda, and T. Nishida. 2001. Removal of
estrogenic activities of bisphenol A and nonylphenol by
oxidative enzymes from lignin-degrading basidiomycetes.
Chemosphere 42: 271-276.

Vega, D. and J. Bastide. 2003. Dimethylphthalate hydrolysis by
specific microbial esterase. Chemoshpere 51: 663—668.
Wariishi, H., K. Valli, and M. Gold. 1992. Manganese (II)
oxidation by manganese peroxidase from the basidiomycete
Phanerochaete chrysosporium. J. Biol. Chem. 267: 23688—23695.
Waring, R. and R. Harris. 2005. Endocrine disrupters: A human
risk? Mol. Cell. Endocrinol. 244: 2-9.

Xu, G, F. Li, and Q. Wang. 2008. Occurrence and degradation
characteristics of dibutyl phthalate (DBP) and di-(2-ethylhexyl)
phthalate (DEHP) in typical agricultural soils of China. Sci.
Total Environ. 393: 333-340.

Xu, X.-R., H.-B. Li, and J.-D. Gu. 2005. Biodegradation of an
endocrine-disrupting chemical di-n-butyl phthalate ester by
Pseudomonas fluorescens B-1. Int. Biodeter. Biodegrad 55: 9—15.
Xu, X.-R., H.-B. Li, J.-D. Gu, and X.-Y. Li. 2007. Kinetics of
n-butyl benzyl phthalate degradation by a pure bacterial culture
from the mangrove sediment. J. Hazard. Mater. 140: 194—199.
Yeo, S., M. Kim, and H. Choi. 2007. Increased expression of
laccase by the addition of phthalates in Phlebia tremellosa.
FEMS Microbiol. Lett. 278: 72-77.

Zhao, X. and I. Hardin. 2007. HPLC and spectrophotometric
analysis of biodegradation of azo dyes by Pleurotus ostreatus.
Dyes Pigments 73: 322-325.




<<
  /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
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts 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
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 900
  /ColorImageDepth -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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 900
  /GrayImageDepth -1
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


