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Abstract This paper studied the transformation of copper

fractions in rhizosphere and non-rhizosphere soils of

Festuca arundinacea and Trifolium repens in deserted land

of copper tailings. The results showed that the proportion

of organic-bound or exchangeable contents to the total

contents of copper in rhizosphere increased by 9.81 and

10.42%, while the contents of carbonate-bound or Fe–Mn

oxides-bound decreased by 2.96 and 1.82%, respectively.

The growth and absorption of F. arundinacea and T. repens

accelerated the transformation of copper fractions in rhi-

zosphere soils. The effect of root system of T. repens was

prominently greater than that of F. arundinacea.

Keywords Copper tailings � Copper � Fractions �
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Because of the effects of plant absorption, root secretion

and microorganism movement in soil, rhizosphere soil

differs from the nature one on many aspects including

physical, chemical, biological characteristics. These dif-

ferences directly affected the chemical processes of heavy

metals in the rhizosphere soil, and their availability and

toxicity to plants. Therefore, studies on rhizosphere

environment is especially important to understand the

environmental implications of heavy metals soil-plant

interfaces, and their noxious effects in soil as well as the

resistance and endurance of plants (Nye 1981; Chaignon

et al. 2002; Chaudhuri et al. 2003). In recent years, a large

number of scientific researches have been reported about

the effects of rhizosphere environment on the change of

heavy metal fractions. Considerable advances have been

achieved in the areas of fraction transformation and

availability of heavy metals in rhizosphere in soil solution,

solid soil and their hyperaccumulative uptake process

(Bernal et al. 1994; Chaignon et al. 2002; Lin et al. 1998;

Chen et al. 2005; Wang et al. 2003). However, as a result of

interactions between plants and heavy metals, the changes

in heavy metal fractions in rhizosphere environment is

particularly affected by discrepancy of plant classes or in

response to the changes in rhizosphere environment.

Presently, most studies on rhizosphere environment either

are focused on the content changes of heavy metals (or

their available fractions) or employ only solid soil of rhi-

zosphere, or artificial rhizosphere environment such as

rhizosphere box, rhizosphere bag etc. (Lin et al. 2000). As

a matter of fact, these simulated rhizosphere environments

differ greatly from the natural growth environment.

Therefore, it is crucial to employ natural growth environ-

ment to investigate how environmental action can influence

heavy metals in soil-plant system, how heavy metal frac-

tions are transformed in solid soil of rhizosphere in

response to the environment action, and how these changes

affect on plant’s resistance to these heavy metals.

As an important base for copper mining and smelting in

China, Tongling City is situated in the south of Anhui

Province, on the south bank of the low middle reaches of

Yangtze River. A number of studies on activity of enzyme

in soil and patterns of vegetation succession on the deserted

land of copper tailings in Tongling City had been reported

(Wang et al. 2003, 2004). However, so far, no research has

been reported about transformation of heavy metal frac-

tions in rhizosphere soils of wild plants that naturally grow

in these large deserted lands of copper tailings. Festuca
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arundinacea and Trifolium repens were dominant plants in

the deserted land of copper tailings in Tongling City, which

appeared to have ability to restore the deserted land of

copper tailings. Meanwhile, they had a superior quality to

be used as lawn grass. For this reason, investigations had

been conducted on the deserted copper tailings from July

2003 to May 2006. T. repens and F. arundinacea that

naturally grew on the copper tailings were chosen for the

experiments. To provide reliable data for vegetation

reconstruction and ecosystem protection of land with

copper tailings, this experiment investigated the transfor-

mation of Cu fractions in rhizosphere environment in a

large-scale deserted land of copper tailings by comparing

the samples from rhizosphere to non-rhizosphere soils.

Materials and Methods

The deserted land of Shizishan copper tailings was selected

as the research site. This deserted land was roughly

20 hm2, piled up by copper tailings. It lies in Village

Chaoshan in southeastern Tongling City, with mountainous

areas on three sides and a dam that is about 100 m on the

other side. About 10 years ago, the discharge of copper

tailings was stopped. With few ecesis plants, the surface of

the deserted land was commonly unstable and unstructured

with poor water and fertilizer retention ability. Interest-

ingly, the areas with improved soil quality were often

accompanied with the existence of ecesis plants, particu-

larly, F. arundinacea and T. repens. Similar size of plants

(F. arundinacea and T. repens, 10 cm in height) were dug

out from soil. The tiny soil layer (*1 mm in thickness

from the surface of root system) was picked as rhizosphere

soil samples. For each species, 8 spots were chosen, and

total 16 rhizosphere soil samples were collected. The non-

rhizosphere soil samples were taken from the correspond-

ing spots about 8–10 cm surrounding the above plant root

systems. Eight spots were chosen for each species, and

total 16 non-rhizosphere soil samples were gathered. Based

on the depth of F. arundinacea and T. repens plants, the

soil samples were collected within the depth between 0 and

20 cm. To investigate plant absorbability of exchangeable

fraction of Cu in rhizosphere soil, we collected plant

samples with different size, divided them into 4 groups

based on their heights (\5, 5–10, 10–20 and[20 cm), and

took the average biomass of all plants in one group as the

biomass of that group. Each group had 10 plants. The

corresponding rhizosphere soil samples or non-rhizosphere

soil samples were also collected and divided into 4 groups.

All plants and soil samples were then brought into labo-

ratory for analysis.To evaluate how growth time of

F. arundinacea or T. repens plants affected Cu fraction

distribution in the rhizosphere soil, the growth of

F. arundinacea and T. repens plants was periodically

recoded from January 2004, and the plant samples and

rhizosphere soil samples were collected since the plants

were 2–3 cm above the ground (10 plants and 10 soil

samples for each species were collected). Those samples

were labeled as in 30, 60, 90 and 120 days, respectively.

According to the sequential fractionation method and error

adjustment method for remaining liquid (Lin et al. 1998), a

proportion of liquid to soil of 10:1 was made for Cu

fraction extraction. The extraction of Cu fractions was

based on the following definition: exchangeable, carbon-

ate-bound, Fe–Mn oxides-bound, organic-bound and

residual. The content of residual fraction was estimated by

the difference between the total Cu content and the

summation of contents of exchangeable, carbonate-bound,

Fe–Mn oxides-bound, and organic-bound fractions. Soil

pH and the contents of water-soluble salts, organic matter

and N, P, and K were measured by the methods of Envi-

ronmental Monitoring of China (1992). The content of Cu

was determined by atomic adsorption spectrophotometer

(AAS) [AA6800, Shimadzu, Japan]. To avoid cross-con-

tamination of Cu or other metals, all receptacles had been

soaked in 2% HNO3 for more than 24 h before used.

Data were analyzed using SPSS (Version 11.0), and

regression, correlation analysis and t-test were used for

determining the significance of difference among various

groups of plant and soil samples. At the same time, we used

relative change percent (%) defined as following formula:

R ¼
Pn

i¼1 Cij=CiT

� �

Pn
i¼1 C0ij=C0iT

� �� 1

" #

� 100%

where R is the relative change percent, Cij is the Cu content

of fraction j in rhizosphere, CiT is the total content of Cu in

rhizosphere soil, C0ij is the Cu content of fraction j in

non-rhizosphere, C0iT is the total content of Cu in non-

rhizosphere soil, n is number of samples in one group, and

it equals 10 in this study.

Results and Discussion

Because of the influences of plant root absorption, secre-

tion, the activities of microbes in the soil, etc., the

rhizosphere soil of the F. arundinacea and T. repens plants

had prominent differences in chemical composition com-

pared to the non-rhizosphere soil (Table 1).

In general, the nutrient contents of the rhisosphere soil

are increased in some extent, and the overall soil quality

was improved. The secretion of organic acid in the rhizo-

sphere lowered the pH from an alkaline soil of the deserted

land of copper tailings to be more neutral one. The content

of organic matter was increased by an average of 27.8%
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although its value was still relatively low compared with

the non-rhizosphere soil. The contents of water-soluble

salts in rhizosphere soils were enhanced in different extent,

while the content of total Cu decreased remarkably.

Similar distribution of Cu among various fractions was

observed in rhizosphere and non-rhizosphere soils; the

residue fraction accounted for the majority of the total

contents of Cu, whereas exchange fraction was relatively

low (Table 2). The rhizosphere soils demonstrated similar

trend of changes of Cu contents in fractions. The rhizo-

sphere soils exhibited high relative change percentages for

organic-bound and exchangeable fractions compared to the

non-rhizosphere soils. The change of relative change per-

centage of exchangeable fraction was noticeably 10.42%,

while that of organic-bound Cu was 9.81%. Consequently,

the contents of carbonate-bound and Fe–Mn oxide-bound

decreased by 2.96 and 1.82%, respectively.

Because plant growth and root system metabolism are

incessant processes, the rhizosphere environments are

under the influence of ceaseless variations, resulting in a

dynamic movement of Cu fractions in rhizosphere soils.

The contents of bio-available heavy metals are commonly

correlated to soil physicochemical properties. Therefore,

they directly affect the growth of plants, which can further

influence the distribution of heavy metal fractions in

rhizosphere soils. The results in this investigation showed

that the biomass of F. arundinacea or T. repens increased

as the plant absorption of Cu increased (Table 3). It could

be presumed that Cu in plants mostly came from direct

absorption of available fractions in the soil. Interestingly,

although plant absorption increased prominently with

growth, compared to the change of Cu availability in non-

rhizosphere soil, the contents of available Cu in rhizo-

sphere soil of F. arundinacea and T. repens were elevated

rather than reduced. Despite a small decrease subsequently,

the content of available Cu in the rhizosphere soil was still

generally greater than that of non-rhizosphere soil. This

demonstrated that the absorption of Cu by F. arundinacea

and T. repens induced Cu transformation from non-avail-

able fractions into available fractions.

There was an obvious increase in organic matter content

in the rhizosphere soil of F. arundinacea and T. repens

(Table 1), and this remarkably enhanced Cu content in

organic-bound fraction (Table 2). The secretion of organic

acids of root systems of F. arundinacea and T. repens

decreased the pH of soil that were in the vicinity of the

roots, resulting in the increase of Cu content in the

exchangeable fraction. As a result of this, Cu contents in

carbonate-bound fraction, Fe–Mn oxides-bound fraction,

and even organic-bound fraction were transformed into

Table 1 Physical and chemical properties of soils

Category pH Organic matter

(g/kg)

Total N

(g/kg)

Available P

(mg/kg)

Available K

(mg/kg)

Water-soluble

salt (g/kg)

Total Cu

(mg/kg)

Non-rhizosphere soil

of F. arundinacea
8.01 ± 0.23a 4.33 ± 0.25 0.28 ± 0.05 2.02 ± 0.08 41.42 ± 3.87 1.61 ± 0.14 978.76 ± 67.26

Rhizosphere soil

of F. arundinacea
7.46 ± 0.17 5.96 ± 0.37 0.31 ± 0.04 2.23 ± 0.11 42.35 ± 4.11 1.77 ± 0.18 920.45 ± 50.43

Pb 0.00 0.01 0.03 0.03 0.02 0.00 0.00

Non-rhizosphere soil of T. repens 7.75 ± 0.24 6.76 ± 0.54 0.61 ± 0.05 2.98 ± 0.33 48.75 ± 4.64 1.83 ± 0.19 812.65 ± 65.47

Rhizosphere soil of T. repens 7.13 ± 0.11 8.64 ± 0.65 0.74 ± 0.05 4.08 ± 0.49 51.67 ± 5.89 2.02 ± 0.15 736.69 ± 50.69

P 0.01 0.00 0.01 0.04 0.04 0.01 0.01

a Stdevp, n = 8
b Concomitant probability of t-test

Table 2 Distribution of Cu fractions and results (P) of t-tests in F. arundinacea and T. repens rhizosphere soils

Category Exchangeable

(mg/kg)

Carbonate-bound

(mg/kg)

Fe–Mn oxides-bound

(mg/kg)

Organic-bound

(mg/kg)

Non-rhizosphere soil of F. arundinacea 49.77 ± 2.22a 78.95 ± 4.11 61.24 ± 2.97 64.67 ± 7.46

Rhizosphere soil of F. arundinacea 51.05 ± 3.08 72.75 ± 4.35 56.79 ± 4.36 65.46 ± 6.31

Pb 0.01 0.02 0.03 0.01

Non-rhizosphere soil of T. repens 41.15 ± 3.01 65.86 ± 5.51 48.49 ± 4.33 56.45 ± 5.39

Rhizosphere soil of T. repens 41.69 ± 4.15 57.48 ± 5.28 43.03 ± 2.47 57.52 ± 8.25

P 0.00 0.03 0.03 0.01

a Stdevp, n = 8
b Concomitant probability of t-test
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exchangeable fraction. Compared to the residual fraction,

carbonate-bound fraction, Fe–Mn oxides-bound fraction,

organic-bound fraction had a high potential to become bio-

available fraction, and therefore they served as a potential

nutrition pool to plants. If the proportions of these fractions

changed, the capacity and mobility of heavy metals in soil

would change (Zhou and Sun 2002; Zhou et al. 2004).

Thus, it could be inferred that the absorption of Cu by F.

arundinacea or T. repens might be not necessary to only

reason for the decrease of Cu content in the rhizosphere

soil. The growth of plants and the secretion of root systems

might be far more influential on the distribution of Cu

fractions in soils than the plant absorption itself. In fact, the

available fractions of Cu in soil are highly mobile, and

subjected to lose by exotic factors, such as simple rain-

water. As the weakly bound fractions, such as carbonate-

bound fraction and Fe–Mn oxides-bound fraction, tend to

resolve into available fractions. Therefore, the importance

of these fractions should not be neglected.

Table 4 showed the change of Cu fractions in the rhi-

zosphere soil influenced by growth time. Between 30th and

60th day of the growth period, the relative change per-

centage of the exchangeable fraction first rose rapidly, and

then increased slightly. This level was kept until the end of

the period. The change of the organic-bound fraction was

similar to that of exchangeable fraction with somewhat

smaller increase range. Compared to the non-rhizosphere

soil, no matter how many times the plants grown, the Cu

contents in carbonate-bound fraction and Fe–Mn oxide-

bound fraction in the rhizosphere soil decreased evidently.

In the first 60 days of plant growth, the proportions of those

fractions to the total contents of Cu decreased rapidly, and

then the speed of decrease slowed.

The change of different fractions of heavy metals in

crop rhizosphere soil under simulated environment had

been studied by Chen et al. (2002, 2003). The results

showed that the factions of heavy metals in rhizosphere soil

had changed regularly in different time during plant growth

period. Metal contents in exchangeable fraction, carbonate-

bound fraction, Fe–Mn oxides-bound fraction were

increased first, and then decreased. At the end, the contents

of exchangeable fraction and carbonate-bound fraction

were lower than those of non-rhizosphere soil. However,

organic-bound fraction decreased gradually to the mini-

mum, and then increased gradually during the rest of

growth period. Our results, however, showed that the

proportion of exchangeable fraction increased rapidly, and

kept in the level until the end of the period, regardless of

the growth time. Although the percentage of the change

of the organic-bound fraction was less than that of

exchangeable fraction, the increase was evident, and

greater than that of the non-rhizosphere soil. Conversely,

Table 3 Contents of available Cu in different biomass of F. arundinacea and T. repens and their rhizosphere or non-rhizosphere soil

Plant Dry weigh (g) Contents of Cu

in plant (mg/kg)

Contents of available

Cu in non-rhizosphere

soil (mg/kg)

Contents of available

Cu in rhizosphere

soil (mg/kg)

F. arundinacea 0.31 58.76 ± 4.25a 104.75 ± 12.33 115.24 ± 10.08

0.53 81.22 ± 6.32 104.25 ± 10.64 123.75 ± 13.66

0.65 89.76 ± 5.59 105.14 ± 14.78 125.15 ± 11.41

0.88 88.04 ± 6.45 108.76 ± 12.53 126.32 ± 15.79

T. repens 0.21 61.35 ± 5.47 112.18 ± 12.25 119.64 ± 13.65

0.45 89.49 ± 7.48 114.18 ± 13.06 138.49 ± 11.25

0.63 92.77 ± 10.02 112.79 ± 12.45 132.75 ± 14.69

0.85 91.84 ± 8.15 112.30 ± 10.08 128.69 ± 13.46

a Stdevp, n = 8

Table 4 Relative change percent and results (P) of t-tests of Cu fractions in F. arundinacea and T. repens rhizosphere soils under different

growth time

Plant F. arundinacea (days) T. repens (days) Pa

0 30 60 90 120 0 30 60 90 120

Exchangeable 3.65 5.83 9.09 8.44 8.56 5.01 8.78 12.24 12.16 11.80 0.00

Carbonate-bound -0.94 -1.75 -2.12 -1.96 -1.94 -0.93 -2.06 -3.83 -3.64 -2.88 0.03

Fe–Mn oxides-bound -0.43 -1.02 -1.32 -1.05 -0.98 -0.83 -1.93 -2.27 -1.98 -2.03 0.04

Organic-bound 3.02 6.45 8.23 8.15 8.18 4.01 8.12 10.64 9.67 9.20 0.01

a Concomitant probability of t-test
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Cu contents of carbonate-bound fraction and Fe–Mn oxi-

des-bound fraction decreased in the rhizosphere soil, and

they tended to keep in a final level after a long time of

growth. The possible explanation can be: compared with

the simulated cultivation, the growth environment of nat-

ural plants is open and infinitely contaminative. The

absorption of single plant has little impact on the total

content of the contaminants in the environment. Some

factors such as rainwater, animal and microbe actions, and

the multiplication of other plants may prompt the change of

the fractions of Cu in soil, and they transfer Cu fractions in

physical spaces. In the condition of artificial growth,

however, many factors are well controlled, and the impact

of plant absorption on the assimilated fractions of Cu

should not be ignored.

Zhang (1993) claimed that the species of leguminosae

and gramineae were different genotypes, and they had a

great difference in absorption of heavy metals and ali-

mentary elements in terms of different abilities of biologic

feedback and adjustability. Although both F. arundinacea

and T. repens grew well and were preponderant plants in

the deserted land of copper tailings in Tongling City, the

distribution of Cu fractions in the rhizosphere soil were

obviously different. The relative change percent of the

contents of Cu fractions in T. pratens rhizosphere soil was

prominently greater than that in F. arundinacea rhizo-

sphere soil (Table 4). These differences might result from

the obvious distinctions in genetic, ecological and physi-

ological characters between T. repens, which belongs to

leguminosae, and F. arundinacea, which belongs to

Gramineae. This hypothesis was in consistent with the

results by Chen et al. (2003).

The present study indicated that F. arundinacea and T.

repens were dominant plants and grew well in the deserted

land of copper tailings in Tongling City. The rhizosphere

environment of T. repens possessed a prominently higher

relative change percentage for each fraction of Cu than that

of F. arundinacea (Table 4). In fact, the varieties of frac-

tions of heavy metals in rhizosphere soil were result from

the collective function of plants and heavy metals. The

different rhizosphere environmental conditions of diversi-

ties of species led to the difference in the changes of

fractions of heavy metals in rhizosphere. These differences

inevitably influenced the bioavailability of heavy metals

(Zhou et al. 2004). Therefore, when we evaluate the bio-

availability of heavy metals, both physicochemical

characteristics of the soil and plant species and their

qualities on the soil must be considered (Bernal et al. 1994;

Sterckeman et al. 2005). Not until a full understanding on

the chemistry and biology of soil-plant system will we

realize the most appropriate plant species with character-

istics in endurance and resistance to be used for the

restoration of the soil contaminated with heavy metals.

Acknowledgments The author acknowledges the financial support

from the National Natural Science Foundation of China (No.

30470270), the Key Foundation of Education Department of Anhui

Province (No. 2006KJ059A), the Foundation of the Provincial Key

Laboratory of the Conservation and Exploitation of Biological

Resources in Anhui, the Key Laboratory of Biotic Environment and

Ecological Safety in Anhui Province, and the Backbone Teachers in

Colleges and Universities of Anhui Province.

References

Bernal MP, McGrath SP, Miller AJ, Baker AJM (1994) Comparison

of the chemical changes in the rhizosphere of the nickel

hyperaccumulator Alyssum murale with the non-accumulator

Raphanus sativus. Plant Soil 164:251–259. doi:10.1007/

BF00010077

Chaignon V, Bedin F, Hinsinger P (2002) Copper bioavailability and

rhizosphere pH changes as affected by nitrogen supply for

tomato and oilseed rape cropped on an acidic and a calcareous

soil. Plant Soil 243:219–228. doi:10.1023/A:1019942924985

Chaudhuri D, Tripathy S, Veeresh H, Powell MA, Hart BR (2003)

Relationship of chemical fractions of heavy metals with

microbial and enzyme activities in sludge and ash-amended

acid lateritic soil from India. Environ Geol 45:115–123. doi:

10.1007/s00254-003-0864-4

Chen CL, Liao M, Huang CY (2005) Effect of combined pollution by

heavy metals on soil enzymatic activities in areas polluted by

tailings from Pb–Zn–Ag mine. J Environ Sci 17:637–640

Chen YJ, Huang Y, Cao J, Tao S (2003) Changes in fractions of

heavy metals in maize rhizosphere soil. Acta Pedol Sin

40(3):367–373

Chen YJ, Huang Y, Cao J, Xu FL, Li BG, Tao S (2002)

Transformation of copper speciation in maize rhizosphere. Acta

Ecol Sin 22(10):1666–1671

Environmental Monitoring of China (1992) Modern analytical

method of soil. China Environ Sci Press, Beijing

Lin Q, Chen YX, Chen HM, Zheng CR (2000) The ecological effect

of Pb and Cd on the root activities of wheat. Acta Ecol Sin

20(4):634–638

Lin Q, Zheng CR, Chen HM, Chen YX (1998) Transformation of

cadmium species in rhizosphere. Acta Pedol Sin 35(4):461–467

Nye PH (1981) Changes of pH across the rhizosphere induced by

roots. Plant Soil 61:7–26. doi:10.1007/BF02277359

Sterckeman T, Duquène L, Perriguey J, Morel JL (2005) Quantifying

the effect of rhizosphere processes on the availability of soil

cadmium and zinc. Plant Soil 276:335–345. doi:10.1007/s11104-

005-5087-x

Wang YB, Liu DY, Zhang L, Li Y, Chu L (2003) Vegetation state and

soil enzyme activities of copper tailing yard on Tongguan

mountain. Chin J Appl Ecol 14(5):757–760

Wang YB, Liu DY, Zhang L, Li Y, Chu L (2004) Patterns of

vegetation succession in the process of ecological restoration on

the deserted land of Shizishan copper tailings in Tongling City.

Acta Bot Sin 46:780–787

Zhang FS (1993) The ecology and genetics of vegetable nutrition.

China Sci Technol Press, Beijing

Zhou QX, Sun FH, Guo GL, Sun TH (2004) Influence of acetochlor

on Pb fractions and their bioavailability in phaiozem of northeast

China. Chin J Appl Ecol 15(10):1883–1886

Zhou QX, Sun TH (2002) Effects of chromium (VI) on extractability

and plant uptake of fluorine in agricultural soils of Zhejiang

Province, China. Water Air Soil Pollut 133:145–160. doi:

10.1023/A:1012948131082

472 Bull Environ Contam Toxicol (2009) 82:468–472

123

http://dx.doi.org/10.1007/BF00010077
http://dx.doi.org/10.1007/BF00010077
http://dx.doi.org/10.1023/A:1019942924985
http://dx.doi.org/10.1007/s00254-003-0864-4
http://dx.doi.org/10.1007/BF02277359
http://dx.doi.org/10.1007/s11104-005-5087-x
http://dx.doi.org/10.1007/s11104-005-5087-x
http://dx.doi.org/10.1023/A:1012948131082

	Transformation of Copper Fractions in Rhizosphere Soil of Two Dominant Plants in a Deserted Land of Copper Tailings
	Abstract
	Materials and Methods
	Results and Discussion
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /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
  /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 <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


