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Summary

The accumulation of heavy metals (Cu, Fe, Zn and Mn)
was measured by atomic absorption spectrophotometry in
some organs of tench (Tinca tinca L., 1758) and tissues of
its parasite collected from Beysehir Lake, and compared
with the data from sediments and water. The Cu levels in
L. intestinalis L., 1758 plerocercoids were 1.69 times,
respectively, higher than those in fish gill. Zn level in L.
intestinalis plerocercoids was 2.13 times higher than those
in fish liver, was 5.53 times higher than that of the muscle
and 3.33 times higher than that in the gill. Significant
negative (for Mn) correlation was found between the
quantity of heavy metals in water and tissues of L. intesti-
nalis plerocercoids while there was significant negative
(for Cu) correlation between the quantity the heavy metals
in bottom sediment and tissues of L. intestinalis plerocer-
coids. This study supports the idea that cestodes aren’t
very useful to determine the heavy metal pollution in
aquatic system when they are located in their intermediate
host’s body cavity.
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Introduction

Many animal species are found either in some eutrophic
conditions like habitats with an anthropogenic effect or
sylvatic conditions with low exposure to xenobiotic sub-
stances but both conditions don’t affect the animals’ to-
gether (Sures er al, 1997). Environmental conditions
affect also aquatic hosts of parasites. Pollution may affect
their health and cause extinction. These harmful changes
are often associated with physiological reactions, which
might be used as bioindicators (Segner, 1998; Segner &
Braunbeck, 1998).

Some researchers indicated that cestodes, nematodes and
acanthocephalans are able to accumulate considerable
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concentrations of heavy metals (Tenora et al., 2000a; Ba-
ru$ et al, 2001; 2007; Turcekova et al., 2002; Sures &
Siddall, 2003; Thielen et al., 2004; Tekin-Ozan & Kir,
2005; 2007; Retief et al., 2006; Geng et al., 2008). For
example, mean concentrations of lead and cadmium in
Monobothrium wageneri Nybelin, 1922 obtained from
intestine of tench (Tinca tinca) were 75 and 40 times
higher than in the muscle of host (Sures et al., 1997).
Tenora et al. (2000a), investigated Cr, Pb and Cd concen-
trations in the Ligula intestinalis L., 1758 plerocercoids
and three of its intermediate hosts and they found that the
Pb, Cr and Cd levels in L. intestinalis plerocercoids were
15, 6 and 2.6 times higher than those in fish muscle. Tekin-
Ozan and Kir (2005) reported that concentrations of Cu,
Fe, Zn and Mn in Ligula intestinalis plerocercoids in the
body cavity of tench (7inca tinca) from Kovada Lake in
Turkey were respectively 1.6 — 37.4 times higher than in
the muscle, liver and gill of the host and 2.2 — 691 times
higher than in the water. Cestodes therefore show a high
capacity of bioaccumulation of heavy metals located in the
intestine of their respective final host. This idea was sup-
ported by Barus et al. (2000) who investigated Cd and Pb
concentrations in L. intestinalis and its host Phalacrocorax
carbo and found that Cd and Pb levels in parasite were
higher than the host’s tissues.

Ligula intestinalis (L., 1758) is a pseudophyllidean cestoda
and a widespread and important pathogen of fish (Dubini-
na, 1980; Aydogdu & Oztiirk, 2003). It has three hosts in
its life cycle, the first intermediate host is a copepod, the
second intermediate host is generally a cyprinid fish and
the final host is a fish-eating bird (Dubinina, 1980; Ergoniil
& Altndag, 2005).

The aim of this study was to determine concentrations of 4
different metals in L. intestinalis plerocercoids and its fish
host (Tinca tinca) from Lake Beysehir, Turkey. Further-
more, element levels in Ligula intestinalis plerocercoids
were also compared with sediment and water of Beysehir



Lake. The second aim was to indicate whether cestodes are
more useful for accumulation bioindication of metals.

Material and Methods:

Description of study area

Beysehir Lake (Fig. 1) is the largest freshwater lake in
Turkey. The lake is located approximately 75 km from the
city of Konya (37° 45" N, 31° 30" E). It is used for irriga-
tion and electrical energy production. The lake is approxi-
mately 50 km long, 15 — 20 km wide and 10 m deep. Its
area and volume are about 65.000 ha and 5 x 10® m’, re-
spectively (Tekin-Ozan & Kir, 2006).
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Fig. 1. Map of Beysehir Lake (Turkey)

Sampling

A total of 40 tench (Tinca tinca L., 1758) were captured by
fisherman in Beysehir Lake. The sediments and water
samples were also taken from Beysehir Lake. The fish
body weights were between 142 — 336 g and lengths were
21.5-29.6 cm.

The samples were brought to the laboratory on the same
day. The fish were killed by a blow on the head. The
cestodes were collected separately from each body cavity
of different fish. Approximately 4 g of the muscle on the
surface of the fish, the entire liver and two gill racers from
each fish were dissected, washed with distilled water, dried
with filter paper, weighed, packed in polyethylene bags
and kept at -30 °C until analysis.

Analytical procedures

Water samples were analyzed directly. The wet samples
(tissues, sediment and cestoda) that were weighed (1 g)
before, 5 ml nitric acid (65 %) and 1 ml hydrogen peroxide

were placed into the digestion bombs and digested in a
microwave digestion system. After digestion, the samples
were cooled to room temperature. The resulting solutions
were made up to exactly 25 ml with high-quality deionized
water and analyzed for Cu, Fe, Zn and Mn using a Perkin
Elmer Atomic Absorpsion Spectrometer Analyst 800. The
detection limit was 0.028 ppm for all elements.

Data analysis:

Element concentrations in the tissues of tench, its parasites
and sediment were determined as mgkg ' (wet weight)
while water levels were determined as mg.I™'. Pearson
correlation coefficient was used to test for significant asso-
ciations between the data obtained from tench tissues, its
parasites, water and sediment. Significant was accepted
with P < 0.05.

Results

The concentrations of heavy metals in fish tissues (liver,
muscle and gill), L. intestinalis plerocercoids, water and
sediment are summarized in Table 1. Cu, Fe, Zn and Mn
were detected in water, sediment, L. intestinalis plerocer-
coids and different tissues of fish samples, while Cu was
below detection limit (< 0.028 ppm) in muscle of tench and
Mn in liver and muscle.

All elements analyzed were present at highest concentra-
tions in liver, followed by gill and muscle (< 0.01). Only
Zn was found to be significantly higher in the cestoda than
in the liver and muscle, two (Cu and Zn) higher than in the
gill (Table 1).

Mean concentrations of copper in L. intestinalis was 1.69
times higher than that of the gill. The zinc level in L. intes-
tinalis was 2.13 times higher than that of the liver, was
5.53 times higher than that of the muscle and 3.33 times
higher than that in the gill. Fe levels in the parasite were
below the levels in the liver (P < 0.01), muscle and gill, but
there were no significant differences (P > 0.05) between
the parasite and muscle and gill. Mn was also found to be
higher amounts in the gill than in the parasite. The con-
centrations of Mn were also not significant (> 0.05) differ-
ent between the parasite and the fish tissues.

Mean concentrations of Cu, Fe, Zn and Mn in L. intesti-
nalis were 55.3, 6.38, 279 and 14.2 times higher than in the
water (Table 1). Fe was recorded in the highest amount in
water. Mn concentrations in L. intestinalis and gill of fish
and Zn concentrations liver of fish different significantly
from the water (P < 0.05) (Table 2). No significant asso-
ciation was found for Cu and Fe concentrations of water
and the metal levels of host tissues and L. intestinalis (P >
0.05) (Table 2).

Fe was recorded in the highest amount in bottom sedi-
ments. Mean concentrations of Zn in L. intestinalis was
1.12 times higher than in the bottom sediments (Table 1).
Positive (for Fe and Zn) and negative (Cu and Mn) corre-
lations were detected between the content in L. infestinalis
and their quantity in bottom sediments of their reservoir
(Table 3). The Cu concentrations in L. intestinalis and Fe
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water and bottom sediments

Table 1. Heavy metal concentrations in the liver, muscle, gill of fish (Tinca tinca L., 1758), Ligula intestinalis plerocercoids,

Elements Cu Fe Zn Mn

L. intestinalis

Range 1.19-9.57 1.25-9.07 23.47-68.79 1.25-3.08
Mean (mg/kg ww) 5.53 4.34 44.69 2.14
St. Dv. 2.60 242 11.92 0.80
Liver of fish

Range 8.86-28.53  55.97-393.45 13.46-26.82 BDL
Mean (mg/kg ww) 15.73 162.42 20.91

St. Dv. 6.29 97.6 4.38

Muscle of fish

Range BDL 3.26-9.49 4.90-15.47 BDL
Mean (mg/kg ww) 6.82 8.07

St. Dv. 221 2.97

Gill of fish

Range 2.39-4.57  21.05-96.13  10.40-19.09 1.82-4.99
Mean (mg/kg ww) 3.26 50.62 13.4 3.74
St. Dv. 0.97 20.7 2.61 1.09
Water

Range 0.08-0.15 0.10-2.74 0.02-0.42 0.02-0.52
Mean (mg/kg ww) 0.10 0.68 0.16 0.15
St. Dv. 0.01 0.94 0.18 0.24
Sediment

Range 5.44-10.47  3466-15136  10.31-58.05 57.65-1029.22
Mean (mg/kg ww) 7.16 10397 39.82 484.19
St. Dv. 2.33 5263.03 20.66 415.18

ww, Wet weight; St.Dv., Standart deviation; BDL, Below Detection Limit

in water, organs of fish and parasites

Table 2. Pearson correlation coefficient (r) and levels of significance determined for the relationship between the content of heavy metals

X-y Metals r P X-y Metals r P
Water-L.intestinalis Cu 0964 >0.05 Water-muscle of fish Cu - -
(n=24) Fe -0.086 >0.05 (n=24) Fe 0.334 >0.05
Zn 0.051 >0.05 Zn 0.011 >0.05
Mn -0.774  <0.05 Mn - -
Water-liver of fish Cu 0412 >0.05 Water-gill of fish Cu 0.740 >0.05
(n=24) Fe 0.600 >0.05 (n=24) Fe -0.340 >0.05
Zn 0.758 <0.05 Zn 0.497 >0.05
Mn - - Mn -0.836  <0.05

Table 3. Pearson correlation coefficient (r) and levels of significance determined for the relationship between the content of heavy metals in
bottom sediments, organs of fish and parasites

X—y Metals r P X—y Metals r P
Sediment-L.intestinalis Cu -0.635 <0.05 Sediment-muscle of fish Cu - -
(n=24) Fe 0653 >0.05 (n=24) Fe 0751 <0.05
Zn 0.167 >0.05 Zn -0.017 >0.05
Mn  -0.015 >0.05 Mn - -
Sediment-liver of fish Cu 0.138 >0.05 Sediment-gill of fish Cu -0.035 >0.05
(n=24) Fe -0.477 >0.05 (n=24) Fe 0.703  <0.05
Zn -0.440 >0.05 Zn -0.372  >0.05
Mn - - Mn -0.393  >0.05




concentrations in muscle and gill differed from the sedi-
ment (P < 0.05) (Table 3).

Discussion

In this study, some heavy metal levels in water, sediment,
Ligula intestinalis plerocercoids and its host tissues from
Beysehir Lake were measured.

All of the analyzed metals were determined in water and
sediment. The highest metal in water and sediment was Fe.
Cu, Fe, Zn and Mn levels in Ligula intestinalis plerocer-
coids were 55.3, 6.38, 279 and 14.2 times higher than the
water. Compared to sediment, only Zn levels in Ligula
intestinalis plerocercoids was 1.12 times higher than that in
the sediment. Similar results were given by Tekin-Ozan
and Kir (2005) and Turéekova et al. (2002).

There are various investigations about accumulations of
heavy metals in tapeworm’s plerocercoids paraziting the
body cavity of the fish intermediate host and birds as final
hosts. Tekin-Ozan and Kir (2005) found that the Fe level in
Ligula intestinalis plerocercoid 37.4, 2.4 and 5.6 times
higher than the muscle, liver and gill. Tenora ef al. (2000a)
investigated Pb, Cr and Cd levels in Ligula intestinalis
plerocercoids and found that Pb, Cr and Cd concentrations
in L. intestinalis plerocercoids are 15, 6 and 2.6 times
higher than in the fish muscle. Similarly, Sures et al
(1997) reported that Pb and Cd levels in Monobothrium
wageneri was 75 and 401 times higher than the muscle of
its host. In contrast to these studies, Svobodova et al.
(1996) found that Hg levels in Ligula intestinalis plerocer-
coids were lower than in muscles of roach. In this study,
only Zn levels were higher than liver (2.13 times) and
muscle (5.53 times). Cu and Zn levels were 1.69 and 3.33
times higher than gill, respectively. Conversely to Ligula
intestinalis, acanthocephalans and nematodes accumulate
heavy metals in high concentrations. The mean concentra-
tions of Fe and Zn in Raphidascaris acus (Bloch, 1779)
were 68.4 and 86.9 times higher than in the muscle of the
host (Esox lucius) (Tekin-Ozan & Kir, 2007). Tenora et al.
(2000a) reported that Pb, Cd and Cr concentrations in
Philometra ovata were 106.11, 119.09 and 43.52 times
higher than host. Lead and cadmium Ilevels in
Pomphorhynchus laevis Miller, 1776 were 2700 and 400
times higher than in the muscle of the host (Sures et al.,
1994a; Sures & Taracshewski, 1995). Similar results were
also reported for other fish species infected with
acanthocephalans and nematodes (Sures et al, 1994b;
Sures et al., 1997; Geng et al., 2008). Some researchers
have investigated some heavy metal levels in Confluaria
capillarioides, Mesocestoides perlatus and Ligula
intestinalis and their final hosts (Podiceps cristatus,
Accipiter gentilis and Phalacrocorax carbo) (Kraémar et
al., 2000; Tenora et al., 2000b; Barus et al., 2000) and
found that Pb and Cd levels in cestodes were higher than in
hosts liver and muscle tissues. Sures et al. (1997) indicated
that cestodes tend to accumulate high metals when they are
located in the intestine of their final host. In the present
study, some heavy metals levels in Ligula intestinalis ple-

rocercoids were determined lower than the host tissues.
This may be due to their larval stages and location in the
body cavity of the intermediate host. Feeding strategy and
age of the Ligula intestinalis plerocercoids affect the heavy
metal accumulation in cestodes.

The results presented here demonstrate that cestodes ob-
tained from fish hosts accumulate some heavy metals
higher rates than the water but lower than some fish tissues
and sediment. This study supports the idea that cestodes
aren’t very useful to determine the heavy metal pollution in
aquatic system when they are located in their intermediate
host’s body cavity.

Acknowledgements

This work supported by TUBITAK, TBAG-AY/405
(105T008) project and Siileyman Demirel University,
SDUBAP-03-D-793 project. I would like to thank The
Scientific and Technological Research Council of Turkey-
Base Science Research Grant Group (TUBITAK-TBAG)
and Siileyman Demirel University-Scientific Research
Project Management (SDU-SDUBAP) for their financial
support. This study is a part of my doctoral thesis.

References

AYDOGDU, A., OzTURK, M. O. (2003): Occurrence of
Ligula intestinalis and Cucullanellus minutus in flounder,
Platichthyes flesus L., in Dalyan Lagoon, (Karacabey,
Bursa, Turkey) from September 1997 to June 1998. Bull.
Eur. Ass. Fish. Pathol., 23 (6): 287 — 289

BARUS, V., JARKOVSKY, J., PROKES, M. (2007): Philometra
ovata (Nematoda: Philometroidea): a potential sentinel
species of heavy metal accumulation. Parasitol. Res., 100:
929 - 933

BARUS, V., TENORA, F., KRACMAR, S., HEDVABNY, J.,
PROKES, M., SITKO, J. (2000): Heavy metals (Pb, Cd) con-
centrations in the Ligula intestinalis (Cestoda) and the host
Phalacrocorax carbo (Aves). In Proc. 9" Helminthol.
Days, Dolni Veéstonice, Czech Republic. Helminthologia,
37:178 - 179

BARUS, V., TENORA, F., KRACMAR, S., PROKES, M. (2001):
Accumulation of heavy metals in the Ligula intestinalis
plerocercoids (Pseudophyllidea) of different age. Helmin-
thologia, 38 (1): 29 —33

DUBININA, M. N. (1980): Tapeworms (Cestoda, Ligulidae)
of the fauna of the U.S.S.R. Amerind Publishing Co., New
Delhi.

ERGONUL, M. B., ALTINDAG, A. (2005): The effects of
Ligula intestinalis plerocercoids on the growth features of
tench, Tinca tinca. Turk. J. Vet. Anim. Sci., 29: 1137 —
1341

GENC, E., SANGUN, M. K., DURAI, M., CAN, F. M,,
ALTUNHAN, C. (2008): Element concentrations in the
swimbladder parasite Anguillicola crassus (nematoda) and
its host the European eel, Anguilla anguilla from Asi River
(Hatay-Turkey). Environ. Monit. Assess., (published
online).

KRACMAR, S., TENORA, F., BARUS, V., HEDVABNY, J.,

79



SITKO, J. (2000): Accumulation of some heavy metals (Pb,
Cd) in Confluaria capillarioides (Cestoda) and the host
Podiceps cristatus (Aves). In Proc. 9" Helminthol. Days,
Dolni Vestonice, Czech Republic. Helminthologia, 37:179
RETIEF, N. R., AVENANT-OLDEWAGE, A., PREEZ DU, H.
(2006): The use of cestoda parasites from the largemouth
yellowfish, Lebeobarbus kimberleyensis (Gilchrist and
Thompson, 1913) in the Vaal Dam, South Africa as indi-
cators of heavy metal bioaccumulation. Phys. Chem.
Earth, 31: 840 — 847

SEGNER, H. (1998): Fish cell lines as a tool aquatic toxico-
logy. In BRAUNBECK, T., HINTON, D. E., STREIT, B. (Eds):
Fish Ecotoxicoloy. Basel, Birkhduser Verlag, 1 — 38
SEGNER, H., BRAUNBECK, T. (1998): Cellular response pro-
file to chemical stress. In SCHUURMANN, G., MARKERT, B.
(Eds): Ecotoxicology: Ecological Fundamentals, Chemical
Exposure, and Biological Effects. New York, Wiley, 521 —
570

SURES, B., SIDDALL, R. (2003): Pomphorhynchus laevis
(Palacacanthocephala) in the intestine of chub (Leuciscus
cephalus) as an indicator of metal pollution. Int. J. Para-
sitol., 33: 65-"70

SURES, B., TARASCHEWSKI, H. (1995): Cadmium concen-
trations of two adult acanthocephalans (Pomphorhynchus
laevis, Acanthocephalus lucii) compared to their fish hosts
and cadmium and lead levels in larvae of A. lucii compared
to their crustacean host. Parasitol. Res., 81: 494 — 497
SURES, B., TARASCHEWSKI, H., JACKWERTH E. (1994b):
Comparative study of lead accumulation in different or-
gans of perch (Perca fluviatilis) and its intestinal parasite
Acanthocephalus lucii. Bull. Environ. Contam. Toxicol. 52:
269 —273

SURES, B., TARASCHEWSKI, H., JACKWERTH, E. (1994a):
Lead accumulation in Pomphorhynchus laevis and its host.
J. Parasitol,. 80: 355 — 357

SURES, B., TARASCHEWSKI, H., SIDDALL, R. (1997): Heavy
metals concentrations in adult acanthocephalans and cesto-

RECEIVED DECEMBER 7, 2006

80

des compared to their fish host and to established free-
living bioindicators. Parassitologia, 39: 213 — 218
SVOBODOVA, Z., GROCH, L., DRABEK, P., MODRA, H.,
GELNAR, M., KOUBKOVA, B. (1996): Biological and bio-
chemical markers in fishes as indicators for Mg in envi-
ronment. Project Vet. Pharm. Univ., Brno.

TEKIN-OzAN, S., KIR, 1. (2005). Comparative study on the
accumulation of heavy metals in different organs of tench
(Tinca tinca L. 1758) and plerocercoids of its endoparasite
Ligula intestinalis. Parasitol Res., 97: 156 — 159
TEKIN-OzAN, S., KIR, 1. (2006). Concentrations of some
heavy metals in organs of two fish species from the Beyse-
hir Lake, Turkey. Fresen. Environ. Bull., 15: 530 — 534
TekIN-OzAN, S., KIr, 1. (2007): Accumulation of some
heavy metals in Raphidascaris acus (Bloch, 1779) and its
host (Esox lucius L., 1758). Acta Parasitol. Turcica, 31:
327-329

TENORA, F., BARUS, V., KRACMAR, S., DRORACEK, J.
(2000a): Concentration of some heavy metals in Ligula
intestinalis plerocercoids (Cestoda) and Philometra ovata
(Nematoda) compared to some their hosts (Osteichthyes).
Helminthologia, 37: 15 — 18

TENORA, F., KRACMAR, S., BARUS, V., HEDVABNY, J.,
SITKO, J. (2000): Content of some heavy metals (Pb, Cd) in
Mesocestoides perlatus (Cestoda) and the host Accipiter
gentilis (Aves). In Proc. 9" Helminthol. Days, Dolni
Vestonice, Czech Republic. Helminthologia, 37: 179
THIELEN, F., ZIMMERMANN, S., BASKA, F., TARASCHEW-
SKI, H., SURES, B. (2004): The intestinal parasite
Pomphorhynchus laevis (Acanthocephala) from barbel as a
indicator for metal pollution in the Danube River near
Budapest, Hungary. Environ. Pollut.,129: 421 — 429
TURCEKOVA, L., HANZELOVA, V., SPAKULOVA, M. (2002):
Concentration of Heavy Metals in Perch and Its Endopara-
sites in the Polluted Water Reservoir in Eastern Slovakia.
Helminthologia, 39: 23 — 28

ACCEPTED MARCH 5, 2008




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /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 524288
  /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 /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /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 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /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 0.15
    /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 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 (http://www.color.org?)
  /PDFXTrapped /False

  /CreateJDFFile false
  /SyntheticBoldness 1.000000
  /Description <<
    /DEU <>
    /ENU <>
    /SKY ()
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


