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Abstract Soil pollution by cadmium has been a long

standing ecological problem in Zhangshi Irrigation Area,

Shenyang, China, as a result of the 30-year practice of

irrigation with wastewater containing high levels of heavy

metals. To evaluate the adverse impact of cadmium con-

tamination on soil ecosystems, the responses of soil

microbiota to both long-term and short-term cadmium

stress were studied by molecular microbial community

profiling with denaturating gradient gel electrophoresis

(DGGE) analysis. Our results show that soil characteristics

and nutrient conditions were likely more important than

cadmium toxicity in shaping the soil bacterial community

structure in the long term. In comparison, soil microbial

genetic diversity was shown to be more closely correlated to

cadmium levels under short-term cadmium stress, with the

highest microbial genetic diversity occurring at mild cad-

mium stress conditions, which might be attributed to the

enrichment of metal-resistant microbial populations

through mechanisms of competitive selection and genetic

adaptation. In contrast, severe cadmium stress likely pre-

sented a condition that fewer microbial populations could

survive, thus leading to reduced microbial genetic diversity.
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Heavy metal pollution has been shown to adversely affect

soil ecosystems, particularly the normal microbiota, which

is critical for the agricultural productivity of soil. There-

fore, a number of microbial indicators, such as respiration

rate, enzymatic activity, and biomass content, have been

developed to evaluate the impact of heavy metals on soil

quality (Renella et al. 2004). The culture-dependent nature

of these indicators, however, may introduce potential

experimental biases and lead to inconsistent assessment of

the soil microbial responses to heavy metals (Giller et al.

1998). The development of culture-independent molecular

techniques capable of characterizing the dynamics of

microbial community structures, such as Denaturing Gra-

dient Gel Electrophoresis (DGGE), has made it possible to

monitor the responses of soil microorganisms to heavy

metals at the community level.

Zhangshi Irrigation Area in the west suburb of Sheny-

ang, Northeast China, had been irrigated with heavy

metals-containing wastewater for 30 years, making it an

ideal location to study the long-term impact of heavy

metals on soil ecosystems. In the past two decades, a

number of studies have been conducted in this area on the

toxicity of soil cadmium on plants, livestock, and human

beings (Wu et al. 1989; Xiong et al. 2004). However, the

effects of long-term Cd exposure on soil microbes remain

largely unknown. In this study, microbial community

structures in soil samples collected from the Zhangshi

Irrigation Area along a soil Cd gradient were characterized

using molecular microbial ecology tools to examine soil

microbial responses to both long-term and short-term
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cadmium exposure. Furthermore, the influence of soil

characteristics on the microbial community response to

cadmium stress was also investigated to evaluate other

factors important to microbial heavy metal stress response.

Materials and Methods

Soil samples were taken from four sites designated as Site 1

(41�4500600N, 123�1405900E), Site 2 (41�4403100N,

123�1205100E), Site 3 (41�4705600N, 123�1401700E), and Site

4 (41�4602300N, 123�1005400E) along a soil Cd gradient from

high to low in Zhangshi Irrigation Area, Shenyang, North-

east China, where wastewater containing heavy metals had

been used for irrigation for a period of 30 years (1962–

1992) before switching to groundwater irrigation in 1993.

Triplicate samples of soil (Gleyic Cambisols, FAO) were

collected at three different depths (0–10 cm, 10–20 cm, and

20–30 cm) for each sampling site on April 22, 2005.

Analysis of total and available cadmium was conducted

using methods recommended in China Environmental

Quality Standards (GB15618-1995). Briefly, total soil Cd

was determined by atomic absorption spectrometry (AAS)

(Unicam Solaar32, Unicam Atomic Absorption, Cam-

bridge, UK) following the digestion of soil samples with

HCl–HF–HNO3–HClO4 and subsequent extraction with

KI–MIBK (potassium iodine–methyl isobutyl ketone).

Similarily, available Cd in soil was quantified by AAS

following extraction by a solution containing 0.005 M

diethylenetriamine pentaacetate (DTPA), 0.01 M CaCl2,

and 0.1 M trietanolamine at pH 7.3 (Lindsay and Norwell

1978). The AAS detection limit for Cd is 0.05 mg/kg and

the recovery rates for soil Cd were found to be 90 ± 5%

using standards. The means and standard deviations were

calculated from triplicate measurements.

The responses of soil bacterial to long-term Cd stress

were evaluated with community DNA extracted directly

from the original soil samples with a 30-year history of Cd

contamination as a result of wastewater irrigation. In

comparison, short-term Cd stress responses were evaluated

using laboratory incubation of soil samples immediately

following amendment of various levels of cadmium. Spe-

cifically, 5.0 g soil (0–10 cm) each from Site 1, Site 3, or

Site 4 was inoculated into 20 mL of the Meat Peptone

Broth medium (1% Beef Extract, 0.5% Peptone, 0.5%

NaCl, pH 7.0–7.2) containing 0, 1, 2 or 4 mM Cd2?. After

a 48-h incubation at 30�C, 1 mL homogeneous suspension

from each incubation was analyzed for bacterial commu-

nity structure under short-term Cd exposure.

For soil microbial community analysis, total soil DNA

was extracted as described by Zhou et al. (1996). The V3

region and the V3–V5 region of 16S rDNA genes in the DNA

extract were amplified with the primer pairs 341f-GC/518r

and 341f-GC/907r, respectively, as previously described

(Muyzer et al. 1993; Lyautey et al. 2003). DNA amplifica-

tion with the polymerase chain reaction (PCR) was carried

out with 1 lL of template DNA and 50 lL of a reaction

mixture containing 20 pM of each primer, 200 lM dNTP,

2.5 U of Taq DNA polymerase, and a PCR buffer supplied

with the Taq DNA polymerase (Takara, Shiga, Japan). PCR

amplification of the V3 region was carried out in the fol-

lowing procedure: a single denaturation step (94�C for

4 min) followed by a 10-cycle program (denaturation at

94�C for 1 min, annealing at 60�C for 30 s and extension at

72�C for 2 min), then a 20-cycle touchdown program of

0.5�C decrease per cycle and a final extension step at 72�C

for 10 min. For the amplification of the V3–V5 region, a

single denaturation step (95�C for 5 min) was followed by a

35-cycle program (denaturation at 94�C for 1 min, annealing

at 55�C for 1 min, and extension at 72�C for 2 min) and a

final extension step at 72�C for 10 min.

Denaturing Gradient Gel Elecrophoresis (DGGE) anal-

ysis of microbial community structure was performed using

the D-Code system (Bio-Rad Laboratories, Hercules, CA,

USA) by loading PCR products of the V3 region onto 8%

(w/v) polyacrylamide gels. The denaturing gradient was

established with 50%–70% denaturant (100% denaturant

corresponding to 7 M urea and 40% (v/v) deionized

formamide). Similarly, PCR products of the V3–V5 region

were loaded onto 6% (w/v) polyacrylamide gels with a

denaturing gradient of 30%–50%. Electrophoresis was

performed at 200 V for 5 h at 60�C. Dendrogram analysis

of DGGE patterns was performed using Quantity One 4.2.3

(Bio-Rad Laboratories, Hercules, CA, USA) by unweigh-

ted pair-group method with arithmetic averages (UPGMA).

The Shannon–Weaver diversity index was calculated from

the number of bands present and their intensities in each

lane (Shannon and Weaver, 1949).

Bands of interest were excised from the DGGE gel for

further re-amplification with primers 341f/907r as described

by Hernandez-Raquet et al. (2006). PCR products were

subsequently sequenced by Shanghai Sangon Biological

Engineering Technology and Services Co., Shanghai, China

and sequence similarities in GenBank were searched using

NCBI BLASTN (http://www.ncbi.nlm.gov/blast/). Align-

ment of similar 16S rDNA gene sequences were performed

with ClustalX 1.83 (Thompson et al. 1997) and phylogentic

trees were constructed with the neighbor-jointing method

using Mega 3.1 with the bootstrap confidence values

obtained with 1,000 resamplings (Kumar et al. 2004). The

Fisher’s least-significant difference (LSD) test and corre-

lation analysis were conducted with the software package

SPSS 13.0 for Windows (SPSS Inc. 2004). The significance

level of all statistical analysis was accepted at a = 0.05.

Sequences obtained in this study were deposited into

the GenBank database under the following accession
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numbers: EF590209-EF590215, EF590216-EF590223, and

EF590228-EF590247.

Results and Discussion

The chemical properties and Cd content of all soil samples

were summarized in Table 1, showing that total Cd content

in soil samples ranged from 1.75 to 3.89 mg/kg, much

higher than the background soil level in Shenyang

(0.17 mg/kg) and exceeding the Secondary Standard of

Chinese Soil Environmental Quality (0.30 mg/kg) (Wu

1994). Apparently, soil microbial communities at the

sampling sites were subjected to long-term Cd stress given

the high levels of soil Cd detected 10 years after heavy

metal-containing wastewater was no longer used for

irrigation.

Despite the considerable variations in Cd content in soil

samples (Table 1), the bacterial community structures at

the four sample sites shared significant similarity ([61%)

Table 1 Chemical properties and Cd content of test soila

Sample Sites Total Organic C (g/kg) Total N (g/kg) Available N (mg/kg) Total Cd (mg/kg) DTPA-Cd (mg/kg)

0–10 cm Site 1 13.51 ± 2.53bcd 1.37 ± 0.27a 72.35 ± 1.12b 2.66 ± 0.32c 1.05 ± 0.08ab

Site 2 15.86 ± 2.29ab 1.28 ± 0.05ab 48.92 ± 5.76fg 2.12 ± 0.15de 0.52 ± 0.02c

Site 3 17.02 ± 1.45a 1.19 ± 0.06ab 75.42 ± 3.37ab 2.06 ± 0.17def 0.48 ± 0.08cd

Site 4 13.35 ± 0.22bcd 1.14 ± 0.14bc 80.80 ± 3.76a 1.85 ± 0.23ef 0.48 ± 0.11c

10–20 cm Site 1 13.38 ± 0.71bcd 1.20 ± 0.22ab 64.73 ± 2.24c 3.22 ± 0.08b 1.00 ± 0.16b

Site 2 13.93 ± 3.11bc 1.26 ± 0.01ab 44.36 ± 2.66gh 2.28 ± 0.21d 0.50 ± 0.07c

Site 3 13.02 ± 1.13bcde 0.98 ± 0.05cd 57.22 ± 6.05de 2.37 ± 0.18cd 0.39 ± 0.03de

Site 4 10.92 ± 1.18defg 1.11 ± 0.09bc 59.06 ± 0.54cd 1.86 ± 0.29ef 0.45 ± 0.10cd

20–30 cm Site 1 11.20 ± 0.64cdef 0.87 ± 0.07def 51.56 ± 5.59ef 3.89 ± 0.26a 1.15 ± 0.15a

Site 2 10.16 ± 3.17efg 0.96 ± 0.01cde 32.02 ± 1.93i 2.39 ± 0.29cd 0.33 ± 0.04de

Site 3 9.71 ± 0.38fg 0.77 ± 0.07ef 47.11 ± 1.59fg 1.75 ± 0.02f 0.31 ± 0.08e

Site 4 8.23 ± 0.19g 0.73 ± 0.03f 40.22 ± 2.86h 1.83 ± 0.15ef 0.29 ± 0.01e

a Means ± standard deviation (n = 3). Different letters following means ± standard deviation in the column indicate significant differences by

Fisher’s LSD (p \ 0.05)

Fig. 1 DGGE fingerprints of 16S rDNA fragments amplified by

341f-GC/518r (a) and UPGMA dendrograms constructed from DGGE

profiles (b) in soil samples under long-term cadmium stress. Lane

1–4: soil samples from 0–10 cm of Site 1–4; Lane 5–8: soil samples

from 10–20 cm of Site1–4; Lane 9–12: soil samples from 20–30 cm

of Site 1–4
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at all depths as shown by the DGGE profiles (Fig. 1),

suggesting that other factors might obscure the impact of

long-term Cd toxicity. On the other hand, the Shannon–

Weaver index, calculated from the intensities of DGGE

bands as a measure of the microbial community diversity

had significant positive correlation with soil total organic C

(TOC) (r = 0.622, p \ 0.01), total N (TN) (r = 0.485,

p \ 0.01), and available N (r = 0.503, p \ 0.05), but no

correlation with soil Cd levels (Fig. 2). Therefore, it is

likely that soil characteristics and nutrient conditions might

be more important than the presence of Cd in shaping the

soil bacterial community structure in the long term.

The finding in this study that long-term cadmium stress

had no significant influence on soil microbial community

structure is supported by previous studies with similar

results, which, however, is inconsistent with several other

investigations showing that soil microorganisms could be

negatively affected by heavy metals at concentrations close

to the maximum concentrations permitted under the

European Community (EC) directive (3 mg/kg) (Giller

et al. 1998; Renella et al. 2004). The discrepancy may be

attributed to the considerable heterogeneity of soils.

Indeed, changes in soil microbial community structure by

long-term heavy metal stress could be readily obscured by

other soil characteristics, such as TOC and TN, which were

shown in this study to be more important long-term factors

determining the structure of soil microbial communities.

Thus, an accurate assessment of the long-term impact of

heavy metal stress on soil ecosystem has to include soil

characteristics and nutrient conditions as key determinants.

In short-term Cd exposure experiments, however,

greater changes in soil bacterial community structure were

observed with increasing Cd2? concentration (Fig. 3a),

suggesting the significance of cadmium toxicity in short-

term shifts in microbial community. DGGE analysis

showed that one bacterial population present in all sam-

pling sites prior to cadmium addition, represented by band

E, disappeared completely following the addition of Cd2?.

In contrast, new bacterial populations represented by bands

A, C, D, and F emerged with the amendment of 1 or 2 mM

Cd2?. When Cd2? level increased to 4 mM, additional

bacterial populations (bands B and G) emerged, while other

populations (bands C, D and A) in some soil samples
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Fig. 2 Genetic diversity index of microbial communities in soil

samples under long-term cadmium stress. I: 0–10 cm; II: 10–20 cm;

III: 20–30 cm. Error bars (n = 3) indicate standard deviations

Fig. 3 DGGE fingerprints of soil bacterial community under short-

term cadmium stress with different concentrations of cadmium (a)

and UPGMA dendrograms constructed from DGGE profiles (b). Lane

1–4: Site 1 under the stress of 0, 1, 2 and 4 mM Cd2?; Lane 5–8: Site

3 under the stress of 0, 1, 2 and 4 mM Cd2?; Lane 9–12: Site 4 under

the stress of 0, 1, 2 and 4 mM Cd2?
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diminished. Cluster analysis further indicates that soil

cadmium levels controlled soil microbial community

structures, as greater similarities were found in soil samples

received the same level of Cd treatment (Fig. 3b). Evi-

dently, the presence of cadmium played a key role in short-

term changes in soil microbial community.

Moreover, microbial genetic diversity as measured by

the Shannon–Weaver index was considerably higher in soil

samples exposed to short-term cadmium stress than those

of the controls received no cadmium addition (Fig. 4).

More specifically, under mild Cd stress conditions (cad-

mium level \2 mM), higher soil bacteria diversity indices

(Site 1 and 3) were found with increasing Cd2? concen-

trations. In contrast, microbial genetic diversity was

significantly reduced under severe Cd stress condition

(cadmium level at *4 mM); however still higher as

compared to those in controls. Thus in general, mild cad-

mium stress resulted in higher soil microbial genetic

diversity, which was subsequently lowered under more

severe cadmium stress.

To further identify the microbial populations with sig-

nificant changes in abundance under short-term cadmium

stress, DNA in selected DGGE bands was purified and

sequenced (Fig. 3a). Sequence analysis showed that the

sequences of band A and B were 99% identical to those of

Burkholderia cepacia strain ORS 3307 (EF054874) and

Ralstonia campinensis strain WS2 (AF312020), respec-

tively. The sequences of band C, D, G and F had 100%

identity with those of Bacillus sp. m2-38 (DQ923226),

Bacillus sp. 02Co-2 (DQ784775), Arthrobacter sp. DiSca5

(EF195091), and Arthrobacter aurescens strain 51

(AF388032), respectively. Interestingly, all of these

microorganisms represent metal-resistant bacteria isolated

from heavy metal polluted environments (Goris et al. 2001;

Macur et al. 2004). The DNA sequence of B and E, which

disappeared under cadmium stress, was found to be 98%

identical to that of Pontibacter sp. z2 (DQ888331). Phy-

logentic analysis of sequences derived from the DGGE

bands (Fig. 5) shows that the species represented by DGGE

bands were clustered primarily into four groups: b-Prote-

obacteria (band A and B), low G ? C Gram-positive

Firmicutes (band C and D), Bacteroidetes (band E), and

high G ? C Gram-positive Actinobacteria (band F and G),

suggesting the potential importance of Gram-positive

bacteria and b-Proteobacteria in metal resistance.

Our findings in the short-term cadmium exposure study

show that mild Cd stress resulted in the highest microbial

genetic diversity, which is in good agreement with the

‘‘hump-back’’ model proposed by Giller et al. (1998) to

describe the relationship between species diversity and

environmental stress. In our study, the increased genetic
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Fig. 4 Dynamic changes of bacterial genetic diversity under short-

term cadmium stress with different Cd concentrations. 1-0 to 1–4: Site

1 under the stress of 0, 1, 2 and 4 mM Cd2?; 3-0 to 3-4: Site 3 under

the stress of 0, 1, 2 and 4 mM Cd2?; 4-0 to 4-4: Site 4 under the stress

of 0, 1, 2 and 4 mM Cd2?. Different letters indicate significant

differences by Fisher’s LSD (p \ 0.05)

Fig. 5 Neighbour-joining

phylogenetic tree of bands

recovered from DGGE gel. The

numbers at the nodes indicate

the percentages of occurrence in

1,000 bootstrapped tree. The

GenBank accession numbers of

previously published sequences

are given in parentheses
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diversity of soil bacteria (Site 1 and 3) under mild cadmium

stress might be attributed to the enrichment of metal-

resistant microbial populations through mechanisms of

competitive selection and genetic adaptation, such as lat-

eral gene transfer (Coombs and Barkay 2004). In contrast,

severe cadmium stress might present a condition that fewer

microbial populations could survive, thus leading to

reduced microbial genetic diversity.

Acknowledgments This work was supported by the National Key

Basic Research Program of China (No. 2004CB418503).

References

Coombs JM, Barkay T (2004) Molecular evidence for the evolution of

metal homeostasis genes by lateral gene transfer in bacteria from

the deep terrestrial subsurface. Appl Environ Microbiol

70:1698–1707. doi:10.1128/AEM.70.3.1698-1707.2004

Giller KE, Witter E, McGrath SP (1998) Toxicity of heavy metals to

microorganisms and microbial processes in agricultural soils: a

review. Soil Biol Biochem 30:1389–1414. doi:10.1016/S0038-

0717(97)00270-8

Goris J, De Vos P, Coenye T, Hoste B, Janssens D, Brim H, Diels L,

Mergeay M, Kersters K, Vandamme P et al (2001) Classification

of metal-resistant bacteria from industrial biotopes as Ralstonia
campinensis sp. nov., Ralstonia metallidurans sp. nov. and

Ralstonia basilensis Steinle et al. 1998 emend. Int J Syst Evol

Microbiol 51:1773–1782

Hernandez-Raquet G, Budzinski H, Caumette P, Dabert P, Le Menach

K, Muyzer G, Duran R (2006) Molecular diversity studies of

bacterial communities of oil polluted microbial mats from the

Etang de Berre (France). FEMS Microbiol Ecol 58:550–562. doi:

10.1111/j.1574-6941.2006.00187.x

Kumar S, Tamura K, Nei M (2004) MEGA3: Integrated software for

molecular evolutionary genetics analysis and sequence align-

ment. Brief Bioinform 5:150–163. doi:10.1093/bib/5.2.150

Lindsay WL, Norwell WA (1978) Development of a DTPA soil test

for zinc, iron, manganese, and copper. Soil Sci Soc Am J

42:421–428

Lyautey E, Teissier S, Charcosset JY, Rols JL, Garabetian F (2003)

Bacterial diversity of epilithic biofilm assemblages of an

anthropised river section, assessed by DGGE analysis of a 16S

rDNA fragment. Aquat Microb Ecol 33:217–224. doi:10.3354/

ame033217

Macur RE, Jackson CR, McDermott TR, Inskeep WP (2004)

Bacterial populations associated with the oxidation and reduc-

tion of arsenic in an unsaturated soil. Environ Sci Technol

38:104–111. doi:10.1021/es034455a

Muyzer G, De Wall EC, Uitterlinden AG (1993) Profiling of complex

microbial populations by denaturing gradient gel electrophoresis

analysis of polymerase chain reaction-amplified genes coding for

16S rRNA. Appl Environ Microbiol 59:95–700

Renella G, Mench M, van der Lelie D, Pietramellara G, Ascher J,

Ceccherini MT, Landi L, Nannipieri P (2004) Hydrolase activity,

microbial biomass and community structure in long-term Cd-

contaminated soils. Soil Biol Biochem 36:443–451. doi:10.1016/

j.soilbio.2003.10.022

Shannon CE, Weaver W (1949) The mathematical theory of

communication. University of Illinois Press, Urbana, Illinois,

USA

Thompson JD, Gibson TJ, Plewniak F, Jeanmougin F, Higgins DG

(1997) The Clustal X windows interface: flexible strategies for

multiple sequence alignment aided by quality analysis tools.

Nucleic Acids Res 24:4876–4882. doi:10.1093/nar/25.24.4876

Wu YY, Chen T, Zhang XX (1989) Pollution ecology of Cd in the

Zhangshi irrigation area of Shenyang. Acta Ecologica Sinica

9:21–26

Wu YY (1994) Background of Elements of Soil in Liaoning Province.

Chinese Environmental Sciences Press, Beijing, China

Xiong X, Allinson G, Stagnitti F, Li P, Wang X, Liu W, Allinson M,

Turoczy N, Peterson J (2004) Cadmium contamination of soils

of the Shenyang Zhangshi Wastewater Irrigation Area, China: an

historical perspective. Bull Environ Contam Toxicol 73:270–275

Zhou J, Bruns MA, Tiedje JM (1996) DNA recovery from soils of

diverse composition. Appl Environ Microbiol 62:316–322

372 Bull Environ Contam Toxicol (2009) 82:367–372

123

http://dx.doi.org/10.1128/AEM.70.3.1698-1707.2004
http://dx.doi.org/10.1016/S0038-0717(97)00270-8
http://dx.doi.org/10.1016/S0038-0717(97)00270-8
http://dx.doi.org/10.1111/j.1574-6941.2006.00187.x
http://dx.doi.org/10.1093/bib/5.2.150
http://dx.doi.org/10.3354/ame033217
http://dx.doi.org/10.3354/ame033217
http://dx.doi.org/10.1021/es034455a
http://dx.doi.org/10.1016/j.soilbio.2003.10.022
http://dx.doi.org/10.1016/j.soilbio.2003.10.022
http://dx.doi.org/10.1093/nar/25.24.4876

	Responses of Soil Bacteria to Long-Term and Short-Term Cadmium Stress as Revealed by Microbial Community Analysis
	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


