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Abstract Aquatic macroinvertebrates were collected

from five sites in the Neversink Reservoir Watershed

in Sullivan County, New York: Aden Brook, Biscuit

Brook, Main Branch, Tison and Winnisook, and

examined for gill abnormalities. The Neversink

Reservoir is part of the New York City water supply

system and is located in the Catskill Mountains. Total

mercury and methylmercury concentrations were mea-

sured by the New York State Department of Environ-

mental Conservation (NYSDEC) in composite samples

of macroinvertebrates at the five sites and ranged from

13.6 to 20.9 ng/g total mercury and 2.4–9.8 ng/g meth-

ylmercury. Gill deformities in the organisms were

evident from each sampling site. These were observed

as puckering or dimpling of the gill lamellae and

interior spotting. The greatest percentage of gill

morphological abnormalities were from invertebrates

at the Main Branch site where 28% of invertebrate gills

exhibited abnormalities. This site had the highest

mercury/methylmercury concentration in composite

invertebrate samples. Macroinvertebrates from a ref-

erence location showed little evidence of gill abnor-

malities. Other factors may have contributed to the

abnormalities such as dissolved oxygen, pH, tempera-

ture, other contaminants, and/or stream profiles.

Keywords Aquatic macro-invertebrates � Gills �
Mercury � Methylmercury

Introduction

The gills of an aquatic macroinvertebrate are one of

the most impacted structures on the body of the

organism when the environment in which it lives is

altered. They are especially sensitive due to their large

surface area and their ability to accumulate compounds

and gases (LaPorte et al. 2002). Heavy metals, espe-

cially mercury and its methylated form, and acidic pH

are two factors that are often present in streams in the

Northeastern United States due to the burning of fossil

fuels elsewhere (EPA 2001).

Inorganic mercury is methylated in aquatic environ-

ments primarily in sediments enhanced by sulfate-

reducing bacteria (Jeremiason et al. 2006). Methyl-

mercury is the most toxic form of mercury in the food

web, and it biomagnifies as trophic order increases and

with the age of an organism (LaPorte et al. 2002;

Trembly et al. 1998). There are two ways in which

aquatic organisms accumulate mercury: through injest-

ed food and directly from the water. According to

LaPorte et al. (2002), methylmercury is transported in

organisms via amino acid channels in membranes.

Previous studies by Block et al. (1997), Boening

(2000), and LaPorte et al. (2002) have demonstrated

that mercury/methylmercury uptake is primarily via

the gills in herbivorous fish, crab, and lobster. How-

ever, there are few studies regarding aquatic macroin-

vertebrates from mercury impacted streams and gill

morphology. Pennuto et al. (2005) studied the mode of
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mercury accumulation in crayfish but not specifically

the gills of the organisms.

It is well established that pH affects metal uptake in

aquatic organisms (Baldigo and Murdoch 1997). The

Neversink Reservoir tributaries in the Catskill

Mountains, New York is an area that represents one

of the highest acidic deposition rates from acid rain in

the Northeast United States (Miller et al. 2005).

The New York State Department of Health has

issued fish consumption advice for the Neversink

Reservoir region due to high mercury concentrations

in selected fish species (NYSDOH 2004). In particular,

Loukmas and Skinner (2005) determined that yellow

perch and smallmouth bass from acidic Catskill reser-

voirs had high levels of mercury. It is, therefore,

possible that the macroinvertebrates, a major food

source for these fish, would also exhibit higher levels of

mercury which could impact gill structure (Hall et al.

1998).

The purpose of the present study was to investigate

the morphology of macroinvertebrate gills from the

Neversink Reservoir Watershed, to characterize possi-

ble associations of gill structure with mercury/methyl-

mercury concentrations in the animals, and to consider

other possible impacts on gill structure such as pH, or

the presence of other contributing conditions.

Materials and methods

Aquatic macroinvertebrates were collected from sev-

eral sites in the Neversink Reservoir system in the

Delaware River Basin in the Catskill Mountains, New

York, including Biscuit Brook, Aden Brook, Winni-

sook, Tison and the Main Branch (Fig. 1). The

Neversink watershed consists of over 166 km2 of which

95% is forested primarily representing mixed hard-

wood species. At elevations of between 480–1280 m

(Winnisook the highest), the slopes down to the

streams are steep, 40% ( Lawrence et al. 2001). The

sites were similar in that they exhibited similar aquatic

vegetation, light availability, and stream width at

sample site. All samples were collected in riffle zones

with sand and gravel stream bottoms. Minimal leaf

litter was evident at the time of collection. All samples

were collected at times of relatively slow current. At

the time of collection, the Quanta Hydrolab (Hach,

Inc., Colorado) was used to measure temperature,

specific conductance, dissolved oxygen and pH. All of

these measurements were taken between 11:00 AM

and 2:00 PM on several days in June, July, August, and

September of 2003.

Organisms were collected in cooperation with the

New York State Department of Environmental Con-

servation (NYSDEC) by the kick sampling method in

riffle zones (Bode et al. 2002). The samples were

randomly sorted into two groups: one destined for total

mercury and methylmercury analysis and another for

gill examination. The samples were placed in glass jars

and refrigerated. The organisms for mercury analysis

were identified by NYSDEC personnel and composite

samples of 1.0 g or greater were prepared. The samples

were frozen and analyzed for total mercury and

methylmercury concentrations at CEBAM Analytical,

Inc. (USEPA Method 1631 2001 EPA2001; USEPA

Method 1630 2001 EPA, 2001).

The samples held for gill examination were identi-

fied at the New York State Department of Environ-

mental Conservation Biomonitoring Unit Laboratory,

North Greenbush, NY. All macroinvertebrates in this

study were identified to genus. After identification, the

specimens were placed in glass vials with either a 70, 80

or 95% ethanol solution dependent on the macroin-

vertebrate order determined from Peckarsky et al.

(1990). To study the gill morphology, the organism’s

gills were removed with forceps at their proximal

points on the body, either on the abdomen, as for

mayflies (Ephemeroptera) and caddisflies (Tricoptera)

or on the thorax, as for stonefly (Plecoptera) speci-

mens. The gills from each specimen were mounted on

glass slides with euparol mounting medium, ASCO

Fig. 1 Map of experimental sites on the Neversink Reservoir
system in the Catskill Mountains, New York State, USA.The
sampling region is indicated on the state map
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Laboratories. The presence or absence of gill abnor-

mality, and if present, the relative severity of the

abnormality was recorded (Fig. 2).

Reference animals were collected by kick sampling

from the Poesten Kill, a tributary of the Hudson River

in Rensselaer County, New York. The Poesten Kill site

represents a stream similar to the Neversink tributaries

but approximately 140 km north of the Catskill sites,

and less impacted by acid rain and mercury deposition.

Gills from twenty-one macroinvertebrates were exam-

ined for abnormalities using the procedure explained

above.

Results

Table 1 provides the average number of macroinver-

tebrates (as a percentage of the total animals exam-

ined) exhibiting gill impairment from each site

sampled. Impairment was recorded if the gills of an

organism exhibited puckering or dimpling at the

membrane margins and/or if discolorations or spots,

that often appeared red, were evident in the interior

structure of the gills. A normal gill compared to an

impaired gill is shown in Fig. 3. The Aden Brook site

where twenty-two aquatic macroinvertebrates were

examined for gill abnormalities, and the Winnisook

site, where nineteen animals were screened, exhibited

the lowest levels of gill impairment at the Neversink

sites, 15 and 16% respectively. This correlates with 16.9

and 13.6 ng/g average mercury and 7.0 and 2.4 ng/g

average methylmercury in composite samples of

macroinvertebrates.

Macroinvertebrate gills from Biscuit Brook, Tison,

and the Main Branch locations had 23, 25, and 28

percent abnormalities, respectively, and total mercury

concentrations in composite samples of 20.9, 15.4, and

20.6 ng/g. The methylmercury concentrations from

animals at Biscuit Brook, Tison, and the Main Branch

were 7.7, 5.1, and 9.8 ng/g respectively.

Fig. 2 Comparison of normal macroinvertebrate gill profiles:
(a) Normal gill profile, not impaired, Long, phalanged gills.
Strong stalks and branches. Periphery of gills without membrane
perturbations or puckering. No discoloration.(b) Impaired gill
profile. Many branches exihibit peripheral abnormality and

membrane puckering. Slight discoloration/spotting.(c) Severely
impaired gill profile. Many branches exihibit peripheral deteri-
oration and puckering. Discoloration/spotting is prevalent. Gills
atrophy

Table 1 Percent gill impairment as it relates to temperature,
dissolved oxygen, pH, mercury, and methylmercury. Percent
impairment represents the number of animals affected as a

function of the total number of animals at that site. The percents
were rounded to the nearest whole number

Site Temp(oC) D. O.
(mg/l)

PH Number
of macro-
invertebrates

Number
of taxa
collected

Total
mercurya

(ng/g)

Methylmercurya

(ng/g)
%
Impairment

Poesten kill
(Reference)

11.00 8.33 7.01 21 5 200 (ng/l)b N.A. 5

Aden brook 10.20 9.95 6.20 22 4 16.9 7.0 15
Winnisook 9.40 9.56 4.97 19 2 13.6 2.4 16
Biscuit Brook 9.40 9.60 6.80 13 6 20.9 7.7 23
Tison 10.40 9.41 5.38 32 2 15.4 5.1 25
Main branch 11.80 7.82 6.58 25 2 20.6 9.8 28

a Determined in composite samples of macroinvertebrates collected by NYSDEC
b Represents water column data (NYSDEC, 2003). Methylmercury was not analyzed. The mercury detection limit was 200 ng/l. N.A.
represents not available

123

Altered gill morphology in benthic macroinvertebrates 313



Table 2 contains the genus analyzed at each site,

including the reference site. It was not possible to

maintain absolute consistency of genus type in suffi-

cient numbers at all sites because of the lack of

availability of some animals at some sites. Giant

stoneflies, flatheaded mayflies, Northern case maker

caddisflies, and net-spinning caddisflies were found at

Aden Brook. At Winnisook, only the primitive min-

now mayfly and the flatheaded mayfly were available.

The greatest diversity of species collected occurred

at Biscuit Brook with the giant stonefly, the Northern

case maker caddisfly, the net-spinning caddisfly, the

flatheaded mayfly, the spiny crawler mayfly, and the

small minnow mayfly. At Tison, only the primitive

minnow mayfly and the flatheaded mayfly were avail-

able for examination. The Main Branch, the collection

site nearest to the Neversink Reservoir, yielded

Northern case maker caddisflies and spiny crawler

mayflies.

Twenty-one reference macroinvertebrates from the

Poesten Kill, a tributary of the Hudson River in

Rensselaer County, New York, were examined and

one animal exhibited gill abnormalities, representing

5% of the animals examined.

Discussion

Gill abnormalities were present in aquatic macroin-

vertebrates with detectable tissue mercury and meth-

ylmercury from the Neversink Watershed.

Alternatively, the gills examined from twenty-one

Table 2 Macroinvertebrates
examined for gill
abnormalities at each
sampling site

Site Macro-invertebrate Number

Family/Genus Common name

Aden Brook Heptageniidae/Stenacron Flatheaded mayfly 7
Hydropsychidae/Hydropsyche Net-spinning caddisfly 1
Limnephilidae/Pycnopsyche Northern case maker caddisfly 1
Pteronarcidae/Pteronarcys Giant stonefly 13

Winnisook Heptageniidae/Stenacron Flatheaded mayfly 1
Siphlonuridae/Siphlonurus Primitive minnow mayfly 18

Biscuit Brook Baetidae/Baetis Small minnow mayfly 1
Ephemerellidae/Ephemerella Spiny crawler mayfly 3
Heptageniidae/Stenacron Flatheaded mayfly 1
Hydropsychidae/Hydropsyche Net-spinning caddisfly 2
Limnephilidae/Pycnopsyche Northern case maker caddisfly 3
Pteronarcidae/Pteronarcys Giant stonefly 3

Tison Heptageniidae/Stenacron Flatheaded mayfly 27
Siphlonuridae/Siphlonurus Primitive minnow mayfly 5

Main Branch Ephemerellidae/Ephemerella Spiny crawler mayfly 20
Limnephilidae/Pycnopsyche Northern case maker caddisfly 5

Poesten Kill (reference) Ephemerellidae/Drunella Spiny crawler mayfly 5
Glossosomatidae/Glossosoma Saddlecase maker caddisfly 2
Heptageniidae/Stenonema Flatheaded mayfly 2
Limnephilidae/Pycnopsyche Northern case maker caddisfly 6
Siphlonuridae/Siphlonurus Primitive minnow mayfly 6

Fig. 3 (a) Non impaired gill
from Northern case maker
(Pycnopsyche sp.) (b)
Impaired gill from Northern
case maker (Pycnopsyche
sp.). Gill exihibits internal
discolorations
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macroinvertebrates collected from the Poesten Kill, a

stream located outside the Catskill region, showed

little evidence of gill abnormalities. Although levels of

total mercury and methylmercury have not been

measured in samples of macroinvertebrates from this

site, total mercury in the water column has been

measured as non-detectable (NYSDEC–Statewide

Waters Monitoring Section, 2003).

Other factors, alone or in combination with mercury,

may have contributed to the abnormal gill morphology.

Acidic conditions may mobilize deposited inorganic

mercury to be converted to methylmercury which can

be taken up by biota. Block et al. (1997) demonstrated

an increase in methylmercury concentrations in min-

nows when exposed to a pH of 3.9. It is possible that the

combination of acidic pH, mercury/methylmercury

concentrations in water and sediments and other factors

such as varying mercury loading rates, dissolved organic

carbon and temperature caused an increase in the

bioaccumulation of methylmercury in aquatic organ-

isms (Simonin et al. 1998; Watras et al. 1998).

The pH of the five experimental sites varied from

4.97 at Winnisook to 6.80 at Biscuit Brook, and was

measured at 7.01 at the Poesten Kill reference site.

Although the sites on the Neversink tributaries all

exhibited pH values below seven, the Winnisook site,

with the lowest pH did not yield the highest percentage

of gill abnormalities. However, this site had the lowest

total mercury and methylmercury concentrations in

macroinvertebrate composite samples, 13.6 and 2.4 ng/

g. It is unclear from the present study why the

relationship between pH and mercury concentrations

in animals from the experimental sites is not direct. It is

possible that since mercury/methylmercury levels were

elevated at all Neversink sites sampled, pH may not

have played a major distinguishing role because all

measured pH was acidic. Stream profile and processes

may have, instead, have played a larger role. For

example, the Neversink Watershed Study established

that there was a connection between acid deposition,

loss of soil calcium, and stream water acidification

(Lawrence et al. 2001).

Braeckmann et al. (1998) found that as temperature

increased, the concentration of methylmercury in the

burrowing mayfly (Hexagenia rigida) increased. In the

present study, at temperatures in the range of 9.4–

11.8�C, it is unlikely that the gill abnormalities seen

were caused by temperature alone.

Dissolved oxygen measurements at each site sam-

pled in the present study ranged from 9.95 mg/l at

Aden Brook to 7.82 mg/l at the Main Branch. Since

these levels all represent acceptable conditions for

macroinvertebrate survival, it is probable that lack of

dissolved oxygen was not responsible for gill impair-

ment.

The largest percentage of gill impairments occurred

at the Main Branch site, the location nearest the

Neversink Reservoir (Fig. 1). This site is correlated

with the highest mercury/methylmercury concentra-

tions in composite macroinvertebrate samples col-

lected by NYSDEC at the five Neversink tributaries

examined in this report (Loukmas et al. 2006). How-

ever, the number of animals available at the higher

impacted sites was not limited by the concentration of

mercury or methylmercury.

Other studies have demonstrated an impact on gill

morphology due to contaminants other than mercury

or methylmercury. Damage to aquatic insect gills was

observed by Simpson (1980) in macroinvertebrates

from streams exposed to chlorinated or crude oil

wastes. He documented tar like spots and membrane

abnormalities in the gills of some stoneflies and

caddisflies. Ribeiro et al. (2000) found that the bioac-

cumulation of inorganic mercury caused fish gill

lamellae abnormalities. An increase in aluminum

impacted Atlantic salmon gills in another study

(Fivelstad et al. 2003). Lawrence et al. (2001) estab-

lished that aluminum concentrations in the Neversink

watershed were elevated.

The discolorations that were viewed in the altered

gills of the present study are consistent with burst

tracheoles or thinned cuticular areas, similar to

changes in stonefly nymph gills seen by Lechleitner

et al. (1985). Additionally, it is known that insects have

special plasma proteins within their hemolymph which

function in the immune response, especially against

bacterial and fungal infections. These proteins respond

to the infected site by releasing peptides, specifically

prophenoloxidase, which produce quinones that form

melanin which alter the color of the infected site

(Kanost 2003). If the macroinvertebrates in the present

study were stressed due to the presence of mercury,

methylmercury, or other factors, bacteria may more

easily have infected the gill lamellae to cause a release

of melanin resulting in the discolorations seen.

It is interesting that only one animal out of twenty-

one exhibited dimpling or puckering of gill membrane

margins from the Poesten Kill despite the similarity of

the physical characteristics of the Neversink sites to

those in the Poesten Kill, particularly the gentle

current. Therefore, it is unlikely that physical damage

due to swift current caused the gill abnormalities seen

in the Neversink organisms.

No significant correlations, at p = 0.05, were found

between percent gill impairment and total mercury,

methylmercury, temperature, dissolved oxygen, or pH
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using the data in Table 1. The only significant corre-

lation, p < 0.01, was between total mercury and meth-

ylmercury in the macroinvertebrate samples.

Therefore, in the present study, although a greater

percentage of gill impairments were found in animals

with detectable mercury/methylmercury concentra-

tions, no significant causative relationship can be

assigned without further study.

Additional field and laboratory experiments will be

done on macroinvertebrates from other locations to

determine if mercury/methylmercury concentrations

are associated with gill abnormalities.

Acknowledgements This investigation would not have been
possible without the field study investigation performed in
conjunction with Jefferey Loukmas from the New York State
Department of Environmental Conservation (NYSDEC). We
also thank Robert Bode, Margaret Novak, Diana Heitzman,
Larry Abele and Alexander Smith (NYSDEC) for their helpful
discussions and for use of their laboratory facilities. Sincere
thanks to Nick Skinner, Larry Skinner and Nicole Wright for
their technical assistance.

References

Block M, Part P, Glynn AW (1997) Influence of water quality on
the accumulation of methyl203 mercury on gill tissue of
minnow (Phoxinus phoxinus). Comp Biochem Physiol
118C(2):191–197

Bode RW, Novak MA, Abele LE, Heitzman DL, Smith AJ
(2002) Quality assurance work plan for biological stream
monitoring in New York State. New York State Department
of Environmental Conservation, Albany, NY

Boening D W, (2000) Ecological effects, transport, and fate of
mercury: a general review. Chemosphere 40:1335–1351

Braeckamn B, Cornelis R, Rezeznik U, Raes H (1998) Uptake of
HgCl2 and MeHgCl in an insect cell line (Aedes albopictus
C6/36). Environ Res (Section A) 79:33–40

EPA 2001. Water quality criterion for the protection of human
health: methylmercury. EPA-823-R-01–001. Office of Sci-
ence and Technology and Office of Water, Washington, D.C

Fivelstad S, Waugbo R, Zeitz S, Hosfeld ACD, Olsen AB,
Stefansson S (2003) A major water quality problem in smolt
farms: combined effects of carbon dioxide reduced pH and
aluminum on atlantic salmon (Salmo salar L.) smots:
physiology and growth. Aquaculture 339–357

Hall BD, Roseberg DM, Wiens AP (1998) Methylmercury in
aquatic insects from an experimental reservoir. Can J Fish
Aquat Sci 55(9):2036–2047

Jeremiason JD, Engstrom DR Swain EB, Nater EA, Johnson
BM, Almendinger JE, Monson BA, Kolka RK (2006)
Sulfate addition increases methylmercury production in an
experimental wetland. Environ Sci Technol 40(12):3800–
3806

Kanost MR (2003) Hemolymph. In: Resh VH, Carde RT (eds)
Encyclopedia of Insects. Academic Press, New York, NY,
pp 505–508

Laporte JM, Andes A, Mason RP (2002) Effects of ligands and
other metals on the uptake of mercury and methylmercury
across the gills and the intestine of the blue crab (Callinectes
sapidus). Comp Biochem Physiol(Part C) 131:185–196

Lawrence GB, Burns DA, Baldigo BP, Murdoch PS, Lovett GM
(2001) Controls of stream chemistry and fish populations in
the Neversink Watershed, Catskill Mountains, New York.
Dept. of Interior, U.S. Geological Survey, WRIR 00–4040

Lechleitrer RA, Cherry DS, Cairns J Jr, Stetler DA (1985)
Ionoregulatory and toxicological responses of stonefly
nymphs (Plecoptera) to acidic and alkaline pH. Arch
Environ Contam Toxicol 14:179–185

Loukmas JJ, Quinn SO, Bloomfield J (2006) Total and methyl-
mercury in the Neversink Reservoir watershed. New York
State Department of Environmental Conservation Techni-
cal Report, Manuscript in progress

Loukmas JJ, Skinner LC, (2005) Mercury and organic chemicals
in fish from the New York City Reservoir system. Division
of Fish, Wildlife, and Marine Resources, Bureau of Habitat
Technical Report, New York State Department of Envi-
ronmental Conservation, Albany, NY, pp 144

Miller EK, Vanarsdale GJ, Keeler A, Chalmers L, Poissant NC,
Kamman NC, Brulotte R (2005) Estimation and mapping of
wet and dry mercury deposition across northeastern North
America. Ecotoxicology 14:53–70

NYSDEC–Statewide Waters Monitoring Section (2003) Method
245.1

NYSDOH (2004) Chemicals in sportfish and game: health
advisories 2004–2005. New York State Department of
Health, Troy, NY

Peckarsky BL, Fraissinet PR, Penton MA, Conlkin DJ Jr (1990)
Freshwater Macroinvertebrates of Northeastern North
America. Cornell, Ithaca

Pennuto CM, Lane OP, Evers DC, Taylor RJ, Loukmas J (2005)
Mercury in the northern crayfish Orconectes virilis (Hagen)
in New England, USA. Ecotoxicology 14:149–162

Ribeiro CA, Oliveria PE, Pfeiffer WC, Rouleau C (2000)
Comparative uptake, bioaccumulation and gill damages of
inorganic Hg in tropical and Nordic freshwater fish. Environ
Res (Section A) 83:286–292

Simonin HA, Meyer MW (1998) Mercury and other air toxics in
the Adirondack region of New York. Environ Sci Policy
1:199–209

Simpson KW (1980) Abnormalities in the tracheal gills of
aquatic insects collected from streams receiving chlorinated
or crude oil wastes. Freshwater Biol 10:581–583

Trembly A, Cloutier L, Lucotte M (1998) Total mercury and
methylmercury fluxes via emerging insects in recently
flooded hydroelectric reservoirs and a natural lake. Sci
Total Environ 219:209–221

USEPA (2001) Method 1630. Methylmercury in water by
distillation, aqueous ethylation, purge and trap and CVAFS.
EPA-821-R-01–020 Office of Water, US Environmental
Protection Agency, Washington, D.C

USEPA (2001) Appendix to Method 1631 (1631A). Total
mercury in tissue, sludge, sediment and soil by acid digestion
and BrCl oxidation. EPA-821-R-01–013. Office of Water,
US Environmental Protection Agency, Washington, D.C

Watras CJ, Back RC, Halvorsen S, Hudson RJM, Morrison KA,
Wente SP (1998) Bioaccumulation of mercury in pelagic
freshwater food webs. Sci Total Environ 219:183–208

123

316 K. M. Skinner, J. D. Bennett


	Altered gill morphology in benthic macroinvertebrates �from mercury enriched streams in the Neversink Reservoir Watershed, New York
	Abstract
	Introduction
	Materials and methods
	Results
	Discussion
	Acknowledgements
	References



<<
  /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
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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 (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


