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Abstract Selective enrichments enabled the recovery of
moderately thermophilic isolates with copper bioleaching
ability from a spent copper sulWde heap. Phylogenetic and
physiological characterization revealed that the isolates
were closely related to Sulfobacillus thermosulWdooxidans,
Acidithiobacillus caldus and Acidimicrobium ferrooxidans.
While isolates exhibited similar physiological characteris-
tics to their corresponding type strains, in general they dis-
played similar or greater tolerance of high copper, zinc,
nickel and cobalt concentrations. Considerable variation
was found between species and between several strains
related to S. thermosulWdooxidans. It is concluded that
adaptation to metals present in the bioleaching heap from
which they were isolated contributed to but did not entirely
explain high metals tolerances. Higher metals tolerance did
not confer stronger bioleaching performance, suggesting

that a physical, mineralogical or chemical process is rate
limiting for a speciWc ore or concentrate.
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Introduction

The microbial contribution to mineral sulWde oxidation was
discovered more than 50 years ago [2]. Since then, research-
ers have been investigating the possibilities of exploiting bac-
terially enhanced oxidation reactions for the bioleaching of
sulWde minerals at industrial scale [22]. However, relatively
few acidophiles have been identiWed that can tolerate the
metals concentrations typically experienced in acid mine
drainage environments and bioleaching reactors [6, 22].

Elemental concentrations in acidic drainage from mines or
other sulWde rich deposits vary enormously depending on the
mineral composition of the deposit and the acidity of the
water [4, 13]. Bioleaching operations, particularly managed
sulWde heaps, constitute extreme examples of ‘acid drain-
age’. Typically, elemental concentrations in heap or dump
leachates are 2–6 g/L Cu, 2–5 g/L Ni, <0.1 g/L Co and up to
23 g/L Zn; iron concentrations may exceed 20 g/L. Agitated
tank reactors for the processing of sulWde concentrates con-
stitute more extreme environments: up to 19 g/L Cu, 23 g/L
Ni, 65 g/L Zn, 3 g/L Co, 14 g/L As and 40 g/L Fe [7, 10, 14].

Acidophilic microorganisms that thrive in such extreme
conditions encounter selective pressure to develop resis-
tance mechanisms to the heavy metals that will provide
them with a competitive selective advantage [3]. This will
result in a tolerance of much higher concentrations of
metallic ions than seen in neutrophiles. Adaptation through
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exposure to a metal is likely to be responsible for the con-
siderable strain variation that has been reported [9, 19, 20].

It has been shown that the oxidation of iron(II) or
reduced sulfur species by acidophilic microorganisms is
inhibited by the presence of heavy metals [1, 3, 9, 17].
Heavy metals have been shown to block vital enzymes,
inhibit transport systems and disrupt cell membrane integ-
rity [12]. The exact impact of heavy metals on cellular pro-
cesses appears to vary between microbial genera. Both
copper and zinc have been shown to inhibit the growth and
iron(II) oxidation by Sulfobacillus thermosulfooxidans via
competitive inhibition [21], whereas a non-competitive
eVect for a range of heavy metals on iron(II) oxidation by
Acidithiobacillus ferrooxidans has been demonstrated [1].

In this paper we identify ten isolates enriched from a
spent chalcocite heap [15], which exhibited strong ability to
enhance copper extraction from a chalcopyrite concentrate
in controlled bioleaching tests. DiVerences in their physio-
logical characteristics and heavy metals tolerances were
examined using screening tests and these were compared
with the characteristics of their most closely related type
strains (determined under similarly controlled conditions).

Materials and methods

Microbial enrichment, physiological characterization 
and metals tolerance

The mixed chalcocite–chalcopyrite test heap [15] was sys-
tematically sampled at the end of its life cycle and portions
of the ore from selected locations were used to enrich biole-
aching microorganisms [8]. The resulting isolates were
screened for growth on a variety of substrates, in a media of
varying compositions and pH, in the temperature range
30–60°C [8]. Screening for metals tolerance was under-
taken using a mixed iron(II)–tetrathionate medium with yeast
extract. The enhancement of metals extraction was exam-
ined for the mineral sulWdes, chalcopyrite, sphalerite and
pentlandite, in medium containing 0.1 g/L yeast extract, as
described previously [24]. Two spore-forming bacillus iso-
lates in addition to those sequenced were included in the
bioleaching tests. Subsequent to isolate identiWcation, the
type strains S. thermosulWdooxidans DSM 9293T, At. cal-
dus DSM 8584T and Am. ferrooxidans DSM 10331T were
subjected to the same test protocols to generate directly
comparable physiological and bioleaching data.

Phylogenetic characterization

The selected isolates were grown in basal salts medium [8]
at either 45 or 30°C (for N39-30-02 and N39-30-03 only)
and DNA was extracted [25]. The 16S rRNA gene was

ampliWed as previously described [11] and puriWed using
QIAquick® PCR PuriWcation Kit protocol (QIAGEN Pty
Ltd) according to the manufacturer’s instructions. The PCR
product was sequenced using the ABI protocol for sequenc-
ing using a Big Dye Terminator v3.0 Cycle Sequencing Kit
in accordance with the manufacturer’s directions. Sequence
data were assembled using the Gene Tool (Lite Version
1.0) program and aligned with sequences of selected type
strains obtained from GenBank using CLUSTALW version
1.8 [18]. A phylogenetic tree was constructed by the neigh-
bor-joining method [16] using PHYLIP Version 3.6a3 [5].

These sequence data have been submitted to the Gen-
Bank database and assigned accession numbers EF199628,
EF199986 to EF199991 and EU499918 to EU499920.

Results

Iron(II) and sulfur oxidizing bacteria with bacillus mor-
phology were recovered from enrichments at 30, 45 and
50°C. No isolates were recovered from enrichments at
60°C. Comparative sequence analysis of the 16S rRNA
gene in selected bacterial isolates indicated high levels of
similarity with S. thermosulWdooxidans (seven isolates), At.
caldus (two isolates), and Am. ferrooxidans (one isolate). A
phylogenetic tree showing the relationship between the ten
isolates and associated type strains is shown in Fig. 1.
Physiological screening of the selected indigenous isolates
revealed a variety of proWles but all showed similar physio-
logical traits to their corresponding type strains (data not
shown). When compared for their ability to enhance the
extraction of zinc, copper or nickel from sphalerite, chalco-
pyrite and pentlandite concentrates, the Sulfobacillus and
Acidithiobacillus-like isolates performed similarly to their
type strains. The Acidimicrobium-like isolate grew very
poorly in sulWde bioleaching tests without pH control, but
performed better when the pH was controlled at pH 1.8.

The greatest variability was observed for metals toler-
ances both between species and between isolates of the
same species. In general the isolates grew well in the pres-
ence of 5–50 g/L copper (Table 1). The isolates also grew
well in the presence of 5–50 g/L zinc. Of the metals tested,
nickel and cobalt were the least tolerated by the isolates.

The seven S. thermosulWdooxidans-like isolates were as
tolerant as the type strain if not more tolerant of copper,
zinc and cobalt. N39-45-02 and At. caldus showed similar
tolerances except for copper, where the indigenous isolate
could grow in the presence of up to 10 g/L copper. Both
were extremely tolerant of zinc (>50 g/L). The At. caldus-
like isolate N39-30-02 was, in addition, tolerant of both
nickel and cobalt. The distinguishing feature of the Am. fer-
rooxidans-like isolate N39-30-03 was its strong adaptation
to high metal concentrations, as evidenced by tolerance of
123
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up to 50 g/L copper or zinc, 40 g/L nickel or 45 g/L cobalt
compared with Am. ferrooxidans DSM 10331T (Table 1).
In terms of metals tolerances, N39-30-03 out-performed all
other isolates and the three type strains.

Iron tolerance was estimated indirectly from ferrous ion
oxidation screening tests undertaken as part of the physio-
logical characterization of the isolates. Tolerance to
extreme iron concentrations was not investigated. During
these tests, three isolates grew in medium which initially
contained 4.4 g/L Fe as ferrous ion and were still active
after 2 weeks. Iron concentrations up to 3.5 g/L were expe-
rienced by the isolates in 4-week bioleaching tests.

The isolates were tested and compared for their ability to
enhance the extraction of zinc, copper or nickel from sphal-
erite, chalcopyrite and pentlandite concentrates, respec-

tively. No correlation was observed between metals
tolerance and the enhanced ability to leach the metal sul-
Wdes (Fig. 2). Excepting iron (see above), maximum metal
concentrations in bioleach test liquors were lower than the
maximum tolerated concentrations determined in screening
tests.

Discussion

The isolates obtained from the spent-heap enrichments
show a high degree of similarity to the known, moderately
thermophilic bioleaching bacteria At. caldus, S. thermo-
sulWdooxidans and Am. ferrooxidans. Data obtained on
metals tolerances for the indigenous isolates and their

Fig. 1 Rooted neighbor joining tree based on 16S rDNA sequences
showing the relationship of isolates obtained from the Nifty copper
mine and their associated type stains. Bootstrap values after 1,000
iterations shown above 70% only are given at branching points. Scale
bar represents the number of inferred nucleotide substitutions per site.
Sequences of the following species and strains were used to construct
the tree: At. caldus DSM 8584T (Z29975), At. ferrooxidans DSM
14882T (AJ278718), At. thiooxidans ATCC 19377T (Y11596), Am.
ferrooxidans DSM 10331T (U75647), Leptospirillum ferrooxidans

DSM 2705T (X86776), S. thermosulWdooxidans DSM 9293T

(AB089844), S. thermosulWdooxidans strain HR-K17/45 (EU419199),
S. thermosulWdooxidans strain DK_E8/45 (EU419198), S. thermosulW-
dooxidans strain DK_J16/45 (EU419197), Sulfobacillus sp. LJ-4
(DQ673613), Sulfobacillus sp. clone E8B058 (DQ455581), uncultured
bacterium clone BS-C20 (DQ661642), uncultured bacterium clone
zy-5 (EF672753), BAIRRDG02 Bacterium TH3 (M79434), uncultured
bacterium clone K17bMu8 (EU419133) and uncultured Acidimicrobium
sp. clone SK297 (AY882846)
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respective type strains (Table 1) therefore supplement the
few published data for moderately thermophilic bacteria.

Resistance to high copper concentrations by the isolates
was anticipated due to their adaptation to the copper sulWde
ore (1.2% Cu) from which they were isolated. In general,
the isolates grew well in the presence of 5–50 g/L copper,
many being more tolerant than their type strains, a result
that is consistent with adaptation. Surprisingly, the isolates
also grew well in the presence of zinc. Analysis of the ore
from which the isolates were enriched showed that it con-
tained 0.01% Zn as sulWde. However, it is not clear whether

the tolerance to zinc is a natural attribute of these species or
acquired through adaptation.

While high tolerance to copper and zinc in the indige-
nous strains may be attributed to the extreme environment
from which they were sourced, this particular ore did not
contain signiWcant nickel or cobalt. It is not surprising,
therefore, that nickel is the least well tolerated by most of
the isolates. Only two isolates, N39-30-03 and N39-30-02
exhibit high tolerance (40 and 50 g/L, respectively). Their
corresponding type strains, At. caldus DSM 8584T and Am.
ferrooxidans DSM 10331T do not grow well in the presence
of nickel (1.5 and 2.3 g/L, respectively), suggesting an
adaptive response in the isolates. The Sulfobacillus-like
strains and the type strain S. thermosulWdooxidans DSM
9293T tolerate low nickel concentrations.

The Sulfobacillus -like isolates show considerable strain
variation in their heavy metals tolerances (Table 1). It has
previously been established that copper and zinc inhibits
both growth and iron(II) oxidation by a strain of S. thermo-
sulWdooxidans [21] and considerable variation in metals
tolerances between the four recognized Sulfobacillus spe-
cies has been shown [24]. However, there have been no
previous reports of strain variation in metals tolerance in
the moderately thermophilic bioleaching bacteria tested in
this study.

The most likely methods of processing low-grade base
metal sulWde ores are heap or dump leaching [22]. All of
the isolates have been shown to tolerate copper, nickel and
cobalt at concentrations which may be experienced in heap
leaching environments. However, the low tolerance to iron
by all isolates and their type strains seems to preclude their
activity in heap leach operations. Clearly, adaptation and/or
physical protective devices such as selection of less
exposed sites for attachment must play roles because the
three species have been isolated from heaps of low-grade
sulWde ores and also agitated tank reactors for the process-
ing of sulWde concentrates.

Further, superior tolerance to metals fails to result in
greater metals extraction eYciency from mineral sulWdes
(Fig. 2). None of the metals show a trend toward higher
extraction when strains with high tolerance are used in the
standardized tests. This result suggests that other factors
control the rates and extent of metals extraction from
sulWde minerals and that bacterial activity is not rate
limiting except if the bacteria are inactive (not present or
not growing).

Based on the results obtained for the moderately thermo-
philic isolates and their type strains S. thermosulWdooxi-
dans DSM 9293T, At. caldus DSM 8584T and Am.
ferrooxidans DSM 10331T, it is concluded that tolerance to
high metals concentrations confers the advantage of sur-
vival in extreme environments without a corresponding
enhanced capability in metals extraction from mineral

Table 1 Highest metal concentration in solution in which bacterial
growth was observed in metals tolerance screening tests

a Maximum concentration in bioleach test solutions
b N39-45-02, N39-30-02 and At. caldus growth on reduced sulfur spe-
cies in the presence of soluble iron

Isolate Metal tolerance (g/L)

Fe Cu Zn Ni Co

N1-45-01 2.5a 15 35 5 5

N1-45-02 3.2a 35 13 5 5

N19-45-01 ¸4.4 50 50 5 <5

N19-50-01 2.5a 50 35 10 <5

N22-45-01 4.4 ¸50 ¸50 <5 <5

N45-45-01 2.8a 20 10 5 5

N45-45-02 2.5a 35 10 5 10

S. thermosulWdooxidans
DSM 9293T

4.4 19 13 9 1.5

N39-45-02 2.0b 10 ¸50 <5 5

N39-30-02 2.4b 5 50 50 50

At. caldus
DSM 8584T

1.9b 1.5 65 2.3 5.9

N39-30-03 ¸4.4 ¸50 ¸50 40 45

Am. ferrooxidans
DSM 10331T

4.4 0.6 3.3 1.5 0.6

Fig. 2 The percent metals extractions at 30–35 days bioleaching as
a function of the tolerance of the S. thermosulWdooxidans-like iso-
lates to the particular metals. Filled diamond Cu, open square Ni, Wlled
triangle Zn
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sulWde concentrates. The results indicate that metals toler-
ances can vary signiWcantly between species and between
strains of the same species as has previously been reported
([23] and references therein).

Given the diVerences between exhibited metals toler-
ances and metals concentrations in heap or agitated-tank
leachates, an adaptive response by these bacteria is necessi-
tated to enable them to grow in extreme, bioleaching envi-
ronments.

Acknowledgments The authors thank D. Collinson and K. Davies
for technical assistance and S. Rea for helpful discussions. The Wnan-
cial support of the Australian Government through the Parker Centre
for Integrated Hydrometallurgy Solutions is gratefully acknowledged.

References

1. Cabrera G, Gómez JM, Cantero D (2005) Kinetic study of ferrous
sulphate oxidation of Acidithiobacillus ferrooxidans in the pres-
ence of heavy metal ions. Enzyme Microb Technol 36:301–306.
doi:10.1016/j.enzmictec.2004.09.008

2. Colmer AR, Temple KL, Hinkle ME (1950) An iron-oxidizing
bacterium from the acid mine drainage of some bituminous coal
mines. J Bacteriol 59:317–328

3. Dopson M, Baker-Austin C, Koppineedi PR, Bond PL (2003)
Growth in sulWdic mineral environments: metal resistance mecha-
nisms in acidophilic micro-organisms. Microbiology 149:1959–
1970. doi:10.1099/mic.0.26296-0

4. Druschel GK, Baker BJ, Gihring TM, BanWeld JF (2004) Acid
mine drainage biogeochemistry at Iron Mountain, California.
Geochem Trans 5(2):13–32. doi:10.1186/1467-4866-5-13

5. Felsenstein J (2005) PHYLIP (Phylogeny Inference Package)
version 3.6

6. Hallberg KB, Johnson DB (2003) Novel acidophiles isolated from
moderately acidic mine drainage waters. Hydrometallurgy
71:139–148. doi:10.1016/S0304-386X(03)00150-6

7. Heinzle T, Miller D, Nagel V (1999) Results of an integrated pilot
plant operation using the BioNIC® process to produce nickel met-
al. In: proceedings biomine ‘99 and water management in metal-
lurgical operations ‘99, Australian Mineral Foundation, Glenside,
SA, pp 16–25

8. Keeling SE, Davies KL, Palmer ML, Townsend DE, Watkin E,
Johnson JA, Watling HR (2006) Utilisation of native microbes
from a spent chalcocite heap. Hydrometallurgy 83:124–131.
doi:10.1016/j.hydromet.2006.03.018

9. Leduc LG, Ferroni GD, Trevors JT (1997) Resistance to heavy
metals in diVerent strains of Thiobacillus ferrooxidans. World J
Microbiol Biotechnol 13:453–455. doi:10.1023/A:1018584402487

10. Morin DHR, d’Hugues P (2007) Bioleaching of a cobalt-contain-
ing pyrite in stirred reactors: a case study from laboratory scale to
industrial application. In: Rawlings DE, Johnson DB (eds) Bio-
mining. Springer, Berlin, pp 35–55

11. Mutch LA, Watkin ELJ, Watling HR (2007) Analysis of the
microbial community in the leachate collected from an experimen-

tal bioleaching column by cloning and RFLP. Adv Mater Res
20–21:485–488

12. Nies DH (1999) Microbial heavy-metal resistance. Appl Micro-
biol Biotechnol 51:730–750. doi:10.1007/s002530051457

13. Nieto JM, Sarmiento AM, Olias M, Canovas CR, Riba I, Kalman
J, Delvalls TA (2007) Acid mine drainage pollution in the Tinto
and Odiel Rivers (Iberian Pyrite Belt, SW Spain) and bioavailabil-
ity of the transported metals to the Huelva Estuary. Environ Int
33:445–455. doi:10.1016/j.envint.2006.11.010

14. Pinches A, Huberts R, Neale JW, Dempsey P (1994) The MIN-
BAC™ bacterial-oxidation process. In: proceedings XV CMMI
congress metals technology and extractive metallurgy (Johannes-
burg). SAIMM, Johannesburg, pp 377–392

15. Readett D, Sylwestrzak L, Franzmann PD, Plumb JJ, Robertson
WR, Gibson JAE, Watling H (2003) The life cycle of a chalcocite
heap bioleach system. In: Young CA, Alfantazi AM, Anderson
CG, Dreisinger DB, Harris B, James A (eds) Hydrometallurgy
2003—vol 1: leaching and solution puriWcation. TMS, Warren-
dale, pp 365–374

16. Saitou N, Nei M (1987) Neighbor-joining method: a new method
for reconstructing phylogenetic trees. Mol Biol Evol 4:406–425

17. Sampson MI, Phillips CV (2001) InXuence of base metals on the
oxidising ability of acidophilic bacteria during the oxidation of
ferrous sulfate and mineral sulWde concentrates, using mesophiles
and moderate thermophiles. Min Eng 14:317–340. doi:10.1016/
S0892-6875(01)00004-8

18. Thompson JD, Higgins DG, Gibson TJ (1994) CLUSTAL W:
improving the sensitivity of progressive multiple sequence align-
ment through sequence weighting, position-speciWc gap penalties
and weight matrix choice. Nucleic Acids Res 22:4673–4680.
doi:10.1093/nar/22.22.4673

19. TuYn IM, de Groot P, Deane SM, Rawlings DE (2005) An unusu-
al Tn21-like transposon containing an ars operon is present in
highly arsenic-resistant strains of the biomining bacterium Acidi-
thiobacillus caldus. Microbiology 151:3027–3039. doi:10.1099/
mic.0.28131-0

20. TuYn IM, Hector SB, Deane SM, Rawlings DE (2006) Resistance
determinants of a highly arsenic-resistant strain of Leptospirillum
ferriphilum isolated from a commercial biooxidation tank. Appl
Environ Microbiol 72:2247–2253. doi:10.1128/AEM.72.3.2247-
2253.2006

21. Vartanyan NS, Karavaiko GI, Pivovarova TA, Dorofeev AG
(1990) Resistance of Sulfobacillus thermosulWdooxidans subs.
asporogenes to Cu2+, Zn2+, and Ni2+ ions. Mikrobiologiya
59:587–594

22. Watling HR (2006) The bioleaching of sulphide minerals with
emphasis on copper sulphides—a review. Hydrometallurgy
84:81–108. doi:10.1016/j.hydromet.2006.05.001

23. Watling HR (2008) The bioleaching of copper–nickel sulWdes.
Hydrometallurgy 91:70–88

24. Watling HR, Perrot FA, Shiers DW (2008) Comparison of selected
characteristics of Sulfobacillus species and review of their occur-
rence in acidic and bioleaching environments. Hydrometallurgy
93:57–65. doi:10.1016/j.hydromet.2008.03.001

25. Zammit CM, Mutch LA, Watling HR, Watkin ELJ (2008) Evalua-
tion of quantitative real-time polymerase chain reaction for enumer-
ation of biomining microorganisms in culture. Hydrometallurgy
94:185–189. doi:10.1016/j.hydromet.2008.05.034
123

http://dx.doi.org/10.1016/j.enzmictec.2004.09.008
http://dx.doi.org/10.1099/mic.0.26296-0
http://dx.doi.org/10.1186/1467-4866-5-13
http://dx.doi.org/10.1016/S0304-386X(03)00150-6
http://dx.doi.org/10.1016/j.hydromet.2006.03.018
http://dx.doi.org/10.1023/A:1018584402487
http://dx.doi.org/10.1007/s002530051457
http://dx.doi.org/10.1016/j.envint.2006.11.010
http://dx.doi.org/10.1016/S0892-6875(01)00004-8
http://dx.doi.org/10.1016/S0892-6875(01)00004-8
http://dx.doi.org/10.1093/nar/22.22.4673
http://dx.doi.org/10.1099/mic.0.28131-0
http://dx.doi.org/10.1099/mic.0.28131-0
http://dx.doi.org/10.1128/AEM.72.3.2247-2253.2006
http://dx.doi.org/10.1128/AEM.72.3.2247-2253.2006
http://dx.doi.org/10.1016/j.hydromet.2006.05.001
http://dx.doi.org/10.1016/j.hydromet.2008.03.001
http://dx.doi.org/10.1016/j.hydromet.2008.05.034

	Metals tolerance in moderately thermophilic isolates from a spent copper sulWde heap, closely related to Acidithiobacillus caldus, Acidimicrobium ferrooxidans and Sulfobacillus thermosulWdooxidans
	Abstract
	Introduction
	Materials and methods
	Microbial enrichment, physiological characterization and metals tolerance
	Phylogenetic characterization

	Results
	Discussion
	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


