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Figure 1.  Fairview Mn-removal system.  A) Overview of site showing ditches cut into limestone bed.  Coal mine drainage flows from left to right.  Ditch to the furthest left contained some wetland plants.  B) Detail of third ditch from left.  Ditch width is ca. 1.5-m and limestone cobbles are ca. 10-cm.  Corn cobs are can be seen along ditch bottom.
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Figure 1.  Seasonal water chemistry of Site 1 and Site 2.  Open symbols represent warm season (April 2006 for Site 1, July 2006 for Site 2) and filled symbols represent cold season (December 2005 for Site 1, February 2006 for Site 2).  At Site 1, the six sampling points correspond to the influent pipe and five aeration ditches. At Site 2, the five sampling points correspond to the influent pipe, a test pit, and three piezometers.



Ditch in limestone bed provides passive aeration.  
Manganese oxide (MnOx) precipitates coat ditch bottom. 
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Figure 3.  Scanning electron micrographs of MnOx-rich sediments collected from the three Mn(II)-removal systems. A) Typical “sponge-like” morphology of the MnOx crusts (Site 1, ditch 2).  B) Bacterial cells of various shape and freshwater diatoms shown in close proximity to MnOx particles (Site 1, ditch 5).  C) Fungal mycelium shown in close proximity to MnOx particles from Site 2.  D) “Sponge-like” morphology of the MnOx crusts from Site 2.  E) and F) MnOx crusts from Site 3 where sandstone was used as a surface to precipitate Mn(II).  Scale bar in all images represents 1 m.
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Figure 3.  Bacterial characterizations of Fairview Mn-removal system.  A) Pie diagrams of phylum-level diversity of partial bacterial 16S rRNA gene sequences for the clone libraries generated from different locations in the limestone bed and in adjacent top soil.  Percentages of clones affiliated with select phylum are shown next to their respective segments in each pie chart.  n indicates the number of clones in each 16S rRNA gene clone library.  B) Bacterial enumerations by culture-based techniques and by direct microscopic counts.  Numbers of culturable heterotrophic bacteria were determined with “rich” (K) and “lean” (LEPT) media.  Numbers of Mn(II)-oxidizing bacteria were determined after reacting the K and LEPT plates with leucoberbelin blue.  Microscopic counts were determined with DAPI stain after sediment extraction with __________.
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Figure 7. PCA analysis of the bacterial clone sequences.
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Figure 5.  Neighbor-joining 18S rRNA tree showing phylogenetic relationships of Eukaryal sequences recovered from the Fairview Mn-removal system and adjacent top soil as compared to selected Fungal sequences from GenBank.  Sequences recovered from the clone libraries are in bold font.  FB refers to clones recovered from the top soil while all other clones were recovered from the limestone bed.  Bootstrap values (%) were determined on the basis of results for 1000 replicates.  Numbers in parentheses represent GenBank accession numbers.
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Figure 1.  Mn(II) loss from solution in laboratory sediment incubation experiments.  Black squares (■) – live sediments under air; white squares (□) – live sediments under N2; black circles (●) – killed sediments (γ-irradiated) under air; and, white circles (○) – killed sediments under N2.  For live sediments Mn(II) was repeatedly added (as MnCl2) at 120, 460 and 600 h, while killed reactors were never re-spiked with Mn(II).  Experiments were conducted with 1.0 g moist sediment (0.82 g dry) and 50 mL filter sterilized influent site water. 
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Figure 2.  Mn(II) loss from solution under variable partial pressures of oxygen (PO2).  White circles (○) – incubated under 21% PO2 (i.e. air); black squares (■) – incubated under 10% PO2: 90% N2; and, black triangles (▲) – incubated under 10% PO2: 99% N2.  Mn(II) was repeatedly added (as MnCl2) at 120, 460 and 600 h.  Experiments were conducted with 1.0 g moist sediment (0.82 g dry) and 50 mL filter sterilized influent site water.  Corresponding controls using killed sediments (γ-irradiated) are not shown.
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Figure 3.  Mn(II) loss from solution with and without supplemental organic carbon source.  White circles (○) – incubated with 10 mg C/L of gluocse; black squares (■) – incubated with no supplemental carbon; and, black triangles (▲) – incubated with 10 mg C/L of carboxymethylcellulose.  All incubations maintained under air.  Mn(II) was repeatedly added (as MnCl2) at 120, 460 and 600 h.  Experiments were conducted with 1.0 g moist sediment (0.82 g dry) and 50 mL filter sterilized influent site water.  Corresponding controls using killed sediments (γ-irradiated) are not shown.
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Figure 4.  Mn(II) loss from solution in the presence and absence of fungicides.  Black squares (■) – live sediments incubated with no fungicides; white squares (□) – killed sediments (γ-irradiated) incubated with no fungicides; black circles (●) – live sediments incubated with 0.2 g/L cyclohexamide and 0.2 g/L pentachloronitrobenzene; and, white circles (○) – killed sediments incubated with 0.2 g/L cyclohexamide and 0.2 g/L pentachloronitrobenzene.  All incubations maintained under air.  Mn(II) was repeatedly added (as MnCl2) at 120, 460 and 600 h.  Experiments were conducted with 1.0 g moist sediment (0.82 g dry) and 50 mL filter sterilized influent site water.  
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Figure 5.  Culture-based bacterial enumerations at the end of select sediment incubations.  Numbers of culturable heterotrophic bacteria were determined with K media.
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Figure 6.  Bacterial and fungal characterizations of Fairview Mn-removal sediments as collected and after 21 d laboratory incubations.  Top row) Pie diagrams of phylum-level diversity of partial bacterial 16S rRNA gene sequences for the clone libraries generated from the different sediments.  n indicates the number of clones in each 16S rRNA gene clone library.  Bottom row) Pie diagrams of phylum-level diversity of partial fungal 18S-23S rRNA intergenic spacer region sequences for the clone libraries generated from the different sediments.  n indicates the number of clones in each 18S-23S rRNA gene clone library.  
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