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Abstract One hundred nine isolates of 10 genera represent-
ing 20 species of keratinophilic fungi were isolated from
soil of planted earthen pots in indoor environments of 15
localities of Kanpur, India, by the hair baiting technique.
Microsporum gypseum, Trichophyton vanbreuseghemii,
and Botryotrichum piluliferum were found to release 698.66,
512.99, and 519.99 ug/ml net protein, respectively, whereas
Arthroderma cuniculi released the minimum, 107.99 pg/ml.
All other isolates were keratinolytically active.
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Kanpur claims importance as the largest and oldest indus-
trial city within the largest state of north India, with a popu-
lation of more than 5000000. Geographically, Kanpur is
situated on the right bank of River Ganges at latitude 26°26’
N and longitude 80°22” E. It is in the semiarid region of
north India, and there are no surrounding hills. The soil in
Kanpur is impregnated with salts. The climate is dry and
hot (50°C maximum) in summer, changing to warm and
humid (95% maximum) at night, and dust storms are
common. Industrial development of the city as well as urban
growth are totally unplanned and haphazard, and domestic
animals such as cows, buffalos, dogs, cats, and pigs have no
separate places and are intermingled in most of the thickly
populated localities, which has confounded the problem of
pollution and health hazards. Human exposure to fungi in
occupational settings, homes, and the outdoor environment
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where fungi may be naturally occurring has not been directly
investigated to date. During recent years, attention has
been drawn to the possible health risk of handling micro-
organisms. Identifying places where people are exposed to
these organisms is important for assessing the risk factors.
It is now recognized that exposure of airways to microor-
ganisms in occupational environments is associated with a
wide range of adverse health effects with major health
impact (Madsen et al. 2007). Li and Kendrick (1995) found
the greatest concentration of indoor aeromycota in living
rooms in 15 residents in Canada. The dust of indoor envi-
ronments in Jordan and Saudi Arabia was reported to be
rich in keratinophilic fungi (Ali-Shtayeh and Asad Al-
Sheikeh 1988; Bokhary and Parvez 1995). Airborne kerati-
nophilic fungi in Torino, Italy, play an important role in
decomposing keratin, and 19 of 36 fungal species were kera-
tinolytically active in air (Filipello et al. 1994). Kushwaha
(1995) also isolated keratinolytic fungi from indoor dust of
a museum in Spain. Summerbell et al. (1989) documented
that potted plants in hospitals act as reservoirs of patho-
genic fungi.

Planted pots are used inside houses (bathrooms, bed-
rooms, family kitchens, living rooms), hotels, and offices,
which are continuously contaminated with spores and
hyphal fragments. We did not find earlier records of kera-
tinophilic fungi in potted plants in indoor environments of
India. A survey for keratinolytic fungi in soil of planted
earthen pots, used for the growing of plants in houses, was
made. The soil used in the pots comes from different sources
and harbors a wide variety of keratinolytic fungi. This study
was confined to those fungi present in the soil of pots that
colonize keratin. Keratinolytic fungi were isolated from
soils collected from potted plants placed in 15 different
houses (Table 1). Five soil samples were collected from
every house and baited with a thin uniform layer of steril-
ized human, horse, and cow hairs, nails, and feathers previ-
ously cut into 5-mm pieces. These samples were incubated
at 28° £ 2°C and observed for any growth of mycelium. The
fungi were isolated as and when they appeared on these
baits. The percent frequency of the isolated fungi and
number of isolates were recorded (Table 1).
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For study of the frequency of keratinophilic fungi on
different baits, a separate experiment was set. All the 75
soil samples were pooled, and this soil was distributed into
five Petri dishes: one each for human hair, horse hair, cow
hair, human nails, or feathers. Ninety pieces of these baits
were put in one Petri dish and the percent frequency of the
fungi that occurred on the baits was recorded (Table 2). The
isolated fungi were cultured on Sabouraud’s dextrose agar
(SDA) and potato dextrose agar (PDA). Fungi were identi-
fied using their micro-morphological characters on SDA
and PDA. Acremonium spp. were identified following
Guarro et al. (1997) and de Hoog and Guarro (1995);
Microsporum gypseum and Trichophyton vanbreuseghemii
were identified following de Hoog and Guarro (1995); Aph-
anoascus spp. and Arthroderma spp. were identified follow-
ing Currah (1985); and Malbranchea pulchella by Sigler and
Carmichael (1976). Chrysosporium spp. were identified and
compared as given by van Oorschot (1980) and Kushwaha
(2000) and Botryotrichum piluliferum as described by Kush-
waha and Agrawal (1976). The identification of some of the
isolated species was confirmed by J. Guarro (personal
communication).

The subcultures of isolated fungi were deposited in the
Germplasm Centre for Keratinophilic Fungi, Kanpur, India
(GPCK), Indian Type Culture Collection, New Delhi, India
(ITCC), and Faculty of Medicine, University Rovira i
Virgili, Reus, Spain (FMR). Substrate decomposition and
protein released to the medium from human hair was
monitored by following Lowry et al. (1951) and Nigam and
Kushwaha (1992). Protein determinations from filtrates
were carried out from flasks at 1-, 2-, 3-, and 4-week
intervals. The developing color was read at 660 nm on a
Shimadzu UV-VIS spectrophotometer. Freshly prepared
human albumin serum was used as the standard. The results
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of protein determination were expressed as net values, i.e.,
the measured value in the test sample minus the sum of
values of keratin and fungus controls of 113 isolates. The
maximum and average values were also recorded (Table 3).
All the experiments were carried out at in triplicate at 28°
+ 2°C with appropriate controls.

Ten genera representing 20 species were isolated from
75 samples using human, horse, and cow hairs, human nails,
and feathers as baits (see Table 1). The fungi isolated here
are identified on the basis of micromorphological characters
as most of them can be distinctly differentiated. However,
use of characteristics for species distinction in dermato-
phytes (Simpanya 2000) may be reconfirmed by using
molecular data (Griser et al. 2000). Phylogeny of 57 species
of the genus Chrysosporium and related fungal taxa has also
been described (Vidal et al. 2000). Phylogeny of other
several Onygenalean fungi is reviewed by Guarro and Cano
(2002) and Sugiyama et al. (2002).

Maximum percent occurrence in 15 houses was of Chrys-
osporium indicum, followed by Malbranchea (Mal.) pul-
chella and Acremonium sp. Acremonium species colonized
all baits used (see Table 2). Acremonium (Ac.) implicatum,
Ac. hennebertii, Aphanoascus (Ap.) terreus, Botryotrichum
piluliferum, Chrysosporium merdarium, Ctenomyces serra-
tus, Microsporum gypseum,and Trichophytonvanbreuseghe-
mii could only colonize the hair baits used. These fungi
showed maximum occurrence on fragments of human and
cow hairs and bird feathers in 15 localities, which probably
indicates their efficiency to parasitize humans, animals, and
even birds. The range of keratinolytic activity as expressed
by protein released by all the fungi is quite high, from a
maximum of 698.66 to a minimum of 107.99, showing their
keratinolytic potential. The average values of protein
released by different isolates also ranged from 103.95 to

Table 2. Frequency (%) of keratinophilic fungi on different keratinous substrates in pot soil

Baits used
Human hair Horse hair Cow hair Human nail Feather

Acremonium sp. 27.27 12.5 33.33 25 15.38
Acremonium implicatum 4.54 0 0 0 0
Acremonium hennebertii 9.09 0 0 0 0
Aphanoascus terreus 0 0 6.66 25 0
Aphanoascus keratinophilus 5.54 0 0 0 0
Arthroderma cuniculi 0 0 6.66 25 3.84
Botryotrichum piluliferum 4.54 0 0 0 0
Chrysosporium indicum 36.36 0 13.33 25 423
Chrysosporium keratinophilum 0 37.5 6.66 0 11.53
Chrysosporium queenslandicum 0 25 13.33 0 15.38
Chrysosporium pannicola 4.54 0 6.66 25 16.38
Chrysosporium sulfureum 0 0 13.38 0 0
Chrysosporium merdarium 4.54 0 0 0 0
Chrysosporium zonatum 0 12.5 0 0 0
Chrysosporium tropicum 0 0 0 0 7.69
Ctenomyces serratus 4.54 0 0 0 0
Malbranchea pulchella 27.27 50 26.66 0 11.53
Microsporum gypseum 40.9 0 0 0 7.69
Trichophyton vanbreuseghemii 9.09 0 0 0 0
Verticillium tenuipes 0 0 20 0 0

Data are percent frequency of the fungus on different baits

Frequency (%) = total number of samples in which species occurred/total number of samples examined (95) x 100
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Table 3. Proteolytic ability of keratinophilic fungi isolated from pot soil

Isolation species Isolation no.

Strain no. producing
maximum value®

Protein released (pg/ml)

Maximum Average

Acremonium sp. 17 GPCK 658 49433 260.71
Acremonium implicatum 1 FMR 6212 187.33 187.33
Acremonium hennebertii 2 FMR 6213 195.33 190.49
Aphanoascus terreus 1 GPCK 659 416.99 416.99
Aphanoascus keratinophilus 3 GPCK 642 466.55 359.06
Arthroderma cuniculi 2 GPCK 660 107.99 103.95
Botryotrichum piluliferum 1 GPCK 643 519.99 519.99
Chrysosporium indicum 23 GPCK 639 300.33 178.05
Chrysosporium keratinophilum 9 ITCC 4731 397.33 235.06
Chrysosporium queenslandicum 8 GPCK 656 217.00 169.74
Chrysosporium pannicola 6 GPCK 671 354.32 172.32
Chrysosporium sulfureum 2 GPCK 676 336.32 280.65
Chrysosporium merdarium 2 GPCK 902 126.66 115.33
Chrysosporium zonatum 1 ITCC 4732 236.32 236.32
Chrysosporium tropicum 2 GPCK 647 355.66 280.99
Ctenomyces serratus 1 FMR P131 253.99 253.99
Malbranchea pulchella 16 GPCK 686 314.33 205.1

Microsporum gypseum 11 GPCK 693 698.66 334.08
Trichophyton vanbreuseghemii 2 GPCK 904 521.99 470.27
Verticillium tenuipes 3 FMR 6216 265.32 210.65

*GPCK, Germ Plasm Centre for Keratinophilic Fungi, Kanpur, India; ITCC, Indian Type Culture Collection, New Delhi, India; FMR, Faculty

of Medicine, University Rovira i Virgili, Reus, Spain

519.99 ug/ml, as represented by Ar. cuniculi and B. pilu-
liferum. The latter fungus released the maximum amount
of net protein into the medium.

The presence of highly keratinolytic fungi with a patho-
genic potential inside houses is of considerable importance
for human health. The fungi isolated and reported here
were not reported earlier from planted pots of domestic
environments in India. Nigam and Kushwaha (1990) iso-
lated 28 keratinophilic fungi from house dust in Kanpur,
India. The distribution of Chrysosporium spp. and other
keratinophilic fungi with diverse species was recently
reviewed (Kushwaha 2000). Chrysosporium (Ch.) kerati-
nophilum, Ch. pannorum, Ch. tropicum, Microsporum
gypseum, Ar. cuniculi, and Verticillium psalliotae were
reported from indoor environments of Jordan (Ali-Shtayeh
and Asad Al-Sheikh 1988), Ch. indicum from Saudi Arabia
(Bokhary and Parvez 1995), and Ch. carmichaelii, Ch.
indicum, Ch. keratinophilum, Ch. pannicola, Ch. pseudo-
merdarium, Ch. queenslandicum, Ch. sulfureum, Ch. tropi-
cum, Ch. xerophilum, and 7 Malbranchea species were
isolated from air of Torino, Italy. The pathogenic potential
of Chrysosporium species was reviewed by Kushwaha
(2000). Kumari et al. (2005) reported 46 non-keratinophilic
fungi from 40 soil samples, and Gugnani and Shrivastav
(1972) also reported Geotrichum, Fusarium, and other
pathogenic fungi from soil. Recently Sarma and Borthakur
(2007) isolated non-dermatophytic molds from patients and
explored the possibility of occupational exposure from
soil.

Indoor soil-inhabiting keratinophilic fungi have received
little attention, but their occurrence in outdoor samples is
known (Filipello 1986; Li and Kendrick 1995). Their pres-
ence in hospitals and potable waters is also noted (Arvaniti-
dou et al. 1999). Sharma et al. (2008) isolated 82 strains of

Microsporum from central India. They found M. persicolor
to be preponderant in soil, and M. fulvum and M. gypseum
were also reported by means of molecular detection.
However, there was no correlation between genotype,
geographic location, or habitat. Deshmukh et al. (2008)
screened 80 soil samples from Bahrain and isolated Ap.
fulvescens, Ap. punsolae, Ch. indicum, Ch. tropicum, Ch.
zonatum, Spiromastix warcupii, M. gypseum, and Trichopy-
ton mentagrophytes with 8.75%, 20.00%, 2.50%, 2.50%,
3.75%, 1.25%, 3.75%, and 2.50% occurrence, respectively.
Greif and Currah (2007) isolated 1687 fungal strains repre-
senting 65 species in arthropods, including keratinophilic
Onygenales. Soomro et al. (2007) isolated 253 strains
belonging to 11 species and 8 genera from outdoor soil of
Pakistan, including Chrysosporium asperatum, and Asper-
gillus niger was most dominant. Hedayati et al. (2004) iso-
lated 13 fungi from soil samples of potted plants. In their
study, Penicillium sp., Acremonium sp., Paecilomyces sp.,
Cladosporium sp., and Aspergillus spp. were predominate,
showing 50%, 20%, 11.9%, 3.7%, and 3.1% frequency
of occurrence, respectively. They have also isolated M.
gypseum, M. cookie, and Chrysosporium sp. by the hair
baiting technique. Staib et al. (1980) isolated A. niger from
the soil of potted African violets that were kept in a living
room and reported potted plant soil was a reservoir of
pathogenic fungi. Ulfig (2000) and Ulfig et al. (2006) dem-
onstrated the effect of the open-air drying of sewage sludge
and showed that M. gypseum and Pseudallescheria boydii
required special attention from an epidemiological point of
view. Deshmukh (2002, 2004) also isolated 15 and 10 species,
respectively, from soil of Kerala, India, and feathers of
pigeons in Maharastra, where Ch. indicum occurred at
20.25% in soil and 24% in feathers. Bowman et al. (2007)
found fungi to cause fatal dermatitis in reptiles. Thirty-four



species of keratinophilic fungi were recovered from feather
dumping soil of Chennai, India, including the Ctenomyces
state of Ar. tuberculatum and T. mentagrophytes. The latter
fungus showed strong keratinolytic activity, with 2.7 kerati-
nase units (Ku)/ml (Anbu et al. 2006). The soils of culti-
vated indoor plants may be significant reservoirs of certain
keratinophilic fungi in houses because indoor plant soils
have been linked to cases of dermatomycosis and other
diseases.

Acknowledgments We are grateful to the Department of Science and
Technology, New Delhi, India, for financial assistance and to Professor
J. Guarro, Reus, Spain, for assistance in identification of some fungi
and their deposition in his collection.

References

Ali-Shtayeh MS, Asad Al-Sheikh BS (1988) Isolation of keratinophilic
fungi from floor dust of Arab kindergarten schools in the West Bank
of Jordan. Mycopathologia 103:69-73

Anbu P, Gopinath SCB, Hilda A, Mathivanan N, Annadurai G (2006)
Secretion of keratinolytic enzymes and keratinolysis by Scopulari-
opsis brevicaulis and Trichophyton mentagrophytes: regression anal-
ysis. Can J Microbiol 52:1060-1069

Aravanitidou M, Kanellou K, Constantinides TC, Katsouyannopoulos
V (1999) The occurrence of fungi in hospital and community potable
waters. Lett Appl Microbiol 29:81-84

Bokhary HA, Parvez S (1995) Fungi inhabiting household environ-
ments in Riyadh, Saudi Arabia. Mycopathologia 130:79-87

Bowman MR, Paré JE, Sigler L, Naeser JP, Sladky KK, Hanely CS,
Helmer P, Phillips LA, Brower A, Porter R (2007) Deep fungal
dermatitis in three inland bearded dragons (Pogona vitticeps) caused
by Chrysosporium anamorph of Nannizziopsis vriesii. Med Mycol
45:371-376

Currah RS (1985) Taxonomy of the Onygenales: Arthrodermataceae,
Gymnoascaceae, Myxotrichaceae and Onygenaceae. Mycotaxon
24:1-216

De Hoog GS, Guarro J (eds) (1995) Atlas of clinical fungi. Centraal-
bureau voor Schimmelcultures (Baarn and Delft) and Universitat
Rovira i Virgili (Reus, Spain)

Deshmukh SK (2002) Incidence of keratinophilic fungi from selected
soils of Kerala state (India). Mycopathologia 156:177-181

Deshmukh SK (2004) Keratinophilic fungi on feathers of pigeon in
Maharashtra, India. Mycoses 47:213-215

Deshmukh SK, Mandeel QA, Verekar SA (2008) Keratinophilic fungi
from selected soils of Bahrain. Mycopathologia 165:143-147

Filipello MV (1986) Keratinolytic and keratinophilic fungi of children’s
sandpits in the city of Turin. Mycopathologia 94:163-172

Filipello MV, Fusconi A, Rigo S (1994) Keratinolysis and its morpho-
logical expression in hair digestion by airborne fungi. Mycopatholo-
gia 127:103-115

Griser Y, Kuijpers AFA, Presber W, de Hoog GS (2000) Molecular
taxonomy of the Trichophyton rubrum complex. J Clin Microbiol
38:3329-3336

Greif MD, Currah RS (2007) Patterns in the occurrence of saprophytic
fungi carried by arthropods caught in traps baited with rotted wood
and dung. Mycologia 99:7-19

Guarro J, Cano J (2002) Phylogeny of Onygenalean fungi of medical
interest. In: Guarro J, Summerbell RC, Samson RA (eds) Onygen-
ales: the dermatophytes, dimorphic and keratin degraders in their
evolutionary context. Stud Mycol 47:1-4

Guarro J, Gams W, Pujol I, Gené J (1997) Acremonium species: new
emerging fungal opportunists: in vitro antifungal susceptibilities and
review. Clin Infect Dis 25:1222-1229

Gugnani HC, Shrivastav JB (1972) Occurrence of pathogenic fungi in
soil in India. Indian J Med Res 60:40-47

307

Hedayati MT, Mohseni-Bandpi A, Moradi S (2004) A survey on the
pathogenic fungi in soil samples of potted plants from Sari hospitals,
Iran. J Hosp Infect 58:59-62

Kumari GR, Mahrora S, Rao PS (2005) Prevalence of non-keratino-
philic fungi in the soil. Ind J Med Microbiol 23:144-145

Kushwaha RKS (1995) Biodeterioration of feathers by keratinomyce-
tes isolated from a museum of Spain. In: Aranayanak C, Singhasiri
C (eds) Biodeterioration of cultural property. Conservation Science
Division, Bangkok, pp 438-442

Kushwaha RKS (2000) The genus Chrysosporium, its physiology and
biotechnological potential. In: Kushwaha RKS, Guarro J (eds)
Biology of dermatophytes and other keratinophilic fungi. Revista
Iberoamericana de Micologia, Bilbao, pp 66-76

Kushwaha RKS, Agrawal SC (1976) A new keratinophilic species of
Botryotrichum. Trans Mycol Soc Jpn 17:18-22

Li DW, Kendrick B (1995) Indoor aeromycota in relation to residential
characteristics and allergic symptoms. Mycopathologia 131:149-157

Lowry OH, Rosebrough NJ, Farr AL, Randall RJ (1951) Protein
measurement with the Folin phenol reagent. J Biol Chem 193:
265-275

Madsen AM, Hansen VM, Meyling NV, Eilenberg J (2007) Human
exposure to airborne fungi from genera used as biocontrol agents in
plant production. Ann Agric Environ Med 14:5-24

Nigam N, Kushwaha RKS (1990) Occurrence of keratinophilic fungi
with special reference to Chrysosporium species in India. Sydowia
42:200-208

Nigam N, Kushwaha RKS (1992) Biodegradation of wool by Chryso-
sporium keratinophilum acting singly and in combination with other
fungi. Trans Mycol Soc Jpn 33:481-486

Sarma S, Borthakur AK (2007) A clinico-epidemiological study of
dermatophytoses in Northeast India. Ind J Dermatol Venereol
Leprol 73:427-428

Sharma R, Presber W, Rajak RC, Groser Y (2008) Molecular detection
of Microsporum persicolor in soil suggesting widespread dispersal in
central India. Med Mycol 46:67-73

Sigler L, Carmichael JW (1976) Taxonomy of Malbranchea and some
other Hyphomycetes with arthroconidia. Mycotaxon 4:349-488

Simpanya MF (2000) Dermatophytes: their taxonomy, ecology and
pathogenicity. In: Kushwaha RKS, Guarro J (eds) Biology of der-
matophytes and other keratinophilic fungi. Revista Iberoamericana
de Micologia, Bilbao, pp 1-12

Soomro IH, Kazi YF, Zardari M, Shar AH (2007) Isolation of
kertinophilic fungi from soil in Khairpur City, Sindh, Pakistan.
Bangladesh J Microbiol 24:79-80

Staib F, Mishra SK, Blisse A (1980) Interaction between aspergilli and
streptomycetes in the soil of potted indoor plants: a preliminary
report (contribution to the epidemiology of human aspergillosis).
Mycopathologia 70:9-12

Sugiyama M, Summerbell RC, Mikawa T (2002) Molecular phylogeny
of Onygenalean fungi based on small subunits (SSU) and large sub-
units (LSU) ribosomal DNA sequences. In: Guarro J, Summerbell
RC, Samson RA (eds) Onygenales: the dermatophytes, dimorphic
and keratin degraders in their evolutionary context. Stud Mycol
47:5-23

Summerbell RC, Krajden S, Kane J (1989) Potted plants in hospitals
as reservoirs of pathogenic fungi. Mycopathologia 106:13-22

Ulfig K (2000) The occurrence of keratinolytic fungi in waste and
waste-contaminated habitats. In: Kushwaha RKS, Guarro J (eds)
Biology of dermatophytes and other keratinophilic fungi. Revista
Iberoamericana de Micologia, Bilbao, pp 44-50

Ulfig K, Plaza G, Terakowskip M, Janda-Ulfig K (2006) Sewage sludge
open-air drying effects on keratinolytic, keratinophilic and actidi-
one-resistant fungi. Rocz Panstw Zakl Hig 57:371-379

Van Oorschot CAN (1980) A revision of Chrysosporium and allied
genera. Stud Mycol 20:1-89

Vidal P, Vinuesa MA, Puelles JMS, Guarro J (2000) Phylogeny of the
anamorphic genus Chrysosporium and related taxa based on rDNA
internal transcribed spacer sequences. In: Kushwaha RKS, Guarro
J (eds) Biology of dermatophytes and other keratinophilic fungi.
Revista Iberoamericana de Micologia, Bilbao, pp 22-29




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


