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(1) Problem 
Gliederung

( )

(2) Genetische Untersuchungen zu Diversität und in 
einer Wasserreinigungsanlageeiner Wasserreinigungsanlage

(3) Isolierungsversuche( ) g

(4) Schwertmannit-Bildung

(5) Mikrobielle Aktivität in Krusten
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(6) Effekt von Phosphat



O PiOpen Pit
Lignite
MiningMining

350 - 400 Mio. m3

mine water hoisted 
every year in Lusatia

(Vattenfall, 2009)

3http://www.bmu.de/files/pdfs/allgemein/application/pdf/braunkohle_lang.pdf



Environmental Problem: Pyrite Leaching

bacteria
14 Fe2+ + 3.5 O2 + 14 H+ 14 Fe3+ + 7 H2O

bacteria

FeS2

15 Fe2 + + 2 SO4
2- + 16 H+

+ H2O

5 e SO4 6

• low pH 

• high loads of iron and sulfate
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• heavy metal contamination



The Solution: Biological Iron Oxidation

aeration
carrier material

Fe2+ + SO4
2- + H+ + 

acidophilic

inflow, pH 4.8

acidophilic 
bacteria

outflow

circulation pump
(Fe3+/Fe2+) + SO4

2- + H+

id ti b i
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stirrer

circulation pump oxidation basin
pH ~ 3



Pilot PlantsPilot Plants

First pilot plant Second pilot plant

- Investigation period: 11 months

- Investigation period: 13 months

- Capacity 10 m3

- shifting characteristics of groundwater
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- Capacity 20 m3, shrinking  with time

- constant characteristic of groundwater

shifting characteristics of groundwater



F ti f I H d S l h t (IHS)Formation of Iron Hydroxy Sulphates (IHS)
pH 2.5 - 4 formation of schwertmannite

Fe3+
16[O16(OH)9-12(SO4)3.5-2]

photo:S. PeifferVattenfall Europe Mining & Generation

C i t i l t d ith
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Scanning electron micrograph 
of schwertmannite crystals

Carrier material encrusted with 
schwertmannite



Novel Lineages of ß-Proteobacteria

- 800 clones analysed
clone FS- G2- 42, EU360488

clone FS- Z2- 82, EU360489
clone W- H- 25. EU360493

 " ", PSTR, EF133508Ferribacter polymyxa
clone W- Z- 92, EU360494

clone W- Z- 2, EU360502

800 clones analysed 

Now: „Ferrovum myxofaciens“ A

clone W- Z- 1, EU360501
clone W- Z- 3, EU360503
clone W- Z- 151, EU360495
clone W- Z- 78, EU360496

 clone FS- G2- 86, EU360490
 clone W- Z- 136, EU360504

uncultured bacterium G71 DQ48048

B
uncultured bacterium, G71, DQ48048

clone W- Z- 54,EU360497
Siderooxidans paludicola, DQ386858

clone FS- Z2- 79, EU360492
Gallionella ferruginea,   (stock Johan)., L07897

 clone W- Z- 164, EU360498
uncultured  sp., AY766002Gallionella

C

Ferritrophicum radicicola, DQ386263
Spirillum volutans,   ATCC 19554 T  

Nitrosospira multiformis,   ATCC 25196
Propionivibrio dicarboxylicus, DSM 5885 (T)

Acidiphilium angustum,   ATCC 35903
Desulfurella acetivorans DSM 5264 (T)
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Desulfurella acetivorans,   DSM 5264 (T)

0.1

Heinzel et al. Appl. Environ. Microbiol. 75, 858-861, 2009



Population dynamics in the first pilot plant detected by T-RFLP over 11 monthsp y p p y

9 13Heinzel et al. Eviron. Sci. Technol. 43, 6138-6144, 2009



Population dynamics in the second pilot plant detected by T-RFLP over 13 monthp y p p y
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14Heinzel et al. Eviron. Sci. Technol. 43, 6138-6144, 2009



Confirmation of TRFLP Data by Real Time PCR
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15Heinzel et al. Eviron. Sci. Technol. 43, 6138-6144, 2009



Cultivation of “Ferrovum myxofaciens”
Overlay plate technique  [Johnson, 1995]

Sterile top layer of 
agarose

Sterile underlayer inoculated with the 
heterotrophic Acidiphilium cryptum SJH

Highest BLAST similarity [%] Medium (pH) Bacteria class
„Ferribacter polymyxa“ strain PSTR        [ 97% ] iFeo (2.5 –3.5) β-Proteobacteria

Thiomonas sp. PK44 [ 97% ]

Acid streamer bacterium PK51              [ 96% ]

Halothiobacillus sp WJ18 [ 96% ]

FeThio (6.5)

FeThio (6.5)

FeThio (6 5)

β-Proteobacteria

γ -Proteobacteria

γ-Proteobacteria
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Halothiobacillus sp. WJ18                      [ 96% ]

Uncultured bacterium clone placa1_b9  [ 98% ]

FeThio (6.5)

iFeo (2.5)

γ Proteobacteria

Nitrospirae

Hedrich et al. Advanced Materials Research 71-73, 125-128, 2009



Transmission Electron Microscopy (TEM)

hi k

Transmission Electron Microscopy (TEM)

whisker

bacteriumbacterium

2 µm

bacteriumschwertmannite

200 nm
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2 µm

TEM thin sections from IHS material of the pilot plant 

Hedrich et al. Eviron. Sci. Technol. 45, 7685-7692, 2011



Transmission Electron Microscopy (TEM)

inclusion

Transmission Electron Microscopy (TEM)

inclusion

acidic 
mucopolysaccharidesmucopolysaccharides

schwertmannite

2 µm
Matrix of acidic EPS

bacterium
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2 µm

TEM images of minerals formed by strain EHS 6 in shake flasks, pH 2.2 
Hedrich et al. Eviron. Sci. Technol. 45, 7685-7692, 2011



Transmission Electron Microscopy (TEM)Transmission Electron Microscopy (TEM)

ThO2 staining

Beginning of stationary phase
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TEM image of minerals formed by strain EHS 6 in shake flasks 

Hedrich et al. Eviron. Sci. Technol. 45, 7685-7692, 2011

Beginning of stationary phase



Microbial Activity in Schwertmannite?

drilled core

cut core

0 0 0 1 1 1 1 20…0.5 cm 0.5…1 cm 1…1.5 cm 1.5…2 cm

Live/Dead
SYTO 9 (live)
Propidium iodide (dead)

FISH
Probes for:
Ferrovum myxofaciens‘

T-RFLP
Enzymes:
AluI Propidium iodide (dead)‚Ferrovum myxofaciens

Gallionella TrefC4
AluI
HhaI
HaeIII

16Kipry et al., Internat. Biohydrometallurgy Symposium, 2011
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− Slight decrease of the total cell number with increasing depth
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− Significant decrease of living cells with increasing mineral depth

Kipry et al., Internat. Biohydrometallurgy Symposium, 2011



Microbial Community in Schwertmannite Layer
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'Ferrovum myxofaciens' Gallionella relatives othersGallionella relatives

Mi bi l it f h h t it l d i t d b

18

Microbial community of each schwertmannite layer dominated by 
‚Ferrovum myxofaciens‘ and Gallionella relatives

Kipry et al., Internat. Biohydrometallurgy Symposium, 2011
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- Kolleginnen im Labor
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Dank an

- Kooperationspartner

Dr. E. Heinzel Dr. J. Seifert              
Dr. S. Hedrich             J. Kipry
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Dr. F. Glombitza + Dr. Janneck, G.E.O.S. Freiberg
Dr. H. Lünsdorf, HZIB Braunschweig
A. Götz + Prof. Schmahl, LMU München

- Sie
für die AufmerksamkeitA. Götz  Prof. Schmahl, LMU München
Dr. D. Burghardt + Prof. Peiffer, Uni Bayreuth
Prof. B. Johnson, Bangor University

für die Aufmerksamkeit
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