
7/1/2025 1

1Department of Biological Sciences, 913 Bluff St, Duquesne University, Pittsburgh, PA 15219 
2National Energy Technology Laboratory, Department of Energy, 626 Cochrans Mill Rd, Pittsburgh, PA, 15236

3Department of Biology, Earth, and Environmental Science, PennWest California, 250 University Ave, California, PA 15419 
4Center for Environmental Research and Education, 600 Forbes Ave, Duquesne University, Pittsburgh, PA 15282

Bacterial Biomining Rare Earth Elements in 
Abandoned Coal Mine Drainage: Solubilization 

and Sequestration

American Society of Microbiology Annual Microbe Conference
Session: Microbiology of Mineral and Energy Resource Recovery

LACC 403B, Los Angeles, CA
Monday, June 23rd, 2025 @ 10:00A-10:15A

Anna Vietmeier1,2, Bethann Wilson1, Michelle Valkanas, PhD3, Sam Flett2, Sierra McDermott2, John Stolz1,4, 
Djuna Gulliver, PhD2, Nancy Trun, PhD1



7/1/2025 2

DOE: NETL Disclaimer

This work was prepared as an account of work sponsored by an agency of the United States Government. 
Neither the United States Government nor any agency thereof, nor any of their employees, makes any 
warranty, express, or implied, or assumes any legal liability or responsibility for the accuracy, completeness, 
or usefulness of any information, apparatus, product, or process disclosed, or represents that its use would 
not infringe privately owned rights. Reference herein to any specific commercial product, process or service 
by trade name, trademark, manufacturer, or otherwise does not necessarily constitute or imply its 
endorsement, recommendation, or favoring by the United States Government or any agency thereof. The 
views and opinions of authors expressed herein do not necessarily state or reflect those of the United States 
Government or any agency thereof.  



Background Information

Abandoned Coal-Mine Drainage (AMD)

Critical Minerals (CM) /Rare Earth Elements (REE) 

Acidogenesis Isolates that Reduce Manganese



Abandoned Mine Drainage (AMD)

Coal Mining in Pennsylvania

Unregulated 1700s → 1945

Legacy mines ~11,000 mines

Sulfuric Acid → Solubilize Metals → Mn/CM/REE

Treat AMD in Passive Remediation Systems

Precipitate AMD Waste as Solids

https://wvhistoryonview.org/catalog/004468 

Glasgow

https://wvhistoryonview.org/catalog/004468


Critical Minerals and Metals (CMMs) 
and Rare Earth Elements (REEs) 

Modern Tech REE Demand ↑ 
Globally
Rechargeable Batteries, Electric Motors, Wind 
Turbines, Superconductors, Lasers, Optical Fibers, 
Aerospace Alloys

Conventional REE Extraction 
High Temp & Harsh Chemicals = Toxic Waste 

AMD as a Source of REEs
AMD REEs ~10,000 > non-AMD waters (Vo 2024)

REEs + Mn in AMD solids (Hedin, Stuckman 2024)



Mn Reducing Bacteria (MnRB) 
Produce Acid (Acidogenesis) 

Isolate 16S rrn Identity
Reduces 
KMnO4

*

Reduces 
MnO2

+

Produces 
Acid✦

AV20 90% Bacillus cereus + + +

AV21 98% Corynebacterium sp.▽ + + +

AV22 83% Bacillus sp. + + +

AV23 90% Bacillus thuringiensis + + +

AV24 98% Corynebacterium sp. + + +

KB7 100% Bacillus pseudomycoides▽ + + +

JR07 100% Bacillus mycoides▽ + + +

Sterile NA - - -

▽Whole genome sequencing (WGS)
*Differential Manganese Reduction Media KMnO4
+Differential Manganese Reduction Media MnO2
✦Acid Production Determined by Phenol Red/pH probe/TSI Slants
NA = Not applicable

Kayla Brennan, Josh Robinson
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Mn Reducing Bacteria (MnRB) 
Produce Acid (Acidogenesis) 

Soluble 
Mn

pH Drop

KMnO4 MnO2
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Selective Bacterial 
Biomining of La

Colorimetric Assay
UV-Vis

Microbial AMD 
Solid REE Solubilization 

Chemical Composition
ICP-MS/OES

Characterize AMD Solids

Characterize AMD REE Release 
Interaction with Solids, Acidogenesis

Metal Release from AMD Solids
FAD, ICP-MS/OES

La Oxide Acidogenic Release
Colorimetric Assay UV-Vis



Wingfield Pines Scootac

Kentucky 
Hollow

Glasgow

Sterrett

AMD Systems to Target for Biomining
Recommended by NETL based on previous work by Ben Hedin, PhD



Chemical Comparisons of AMD Solids

<DL 0ICP-MS & ICP-OES High LowPPM values reported

Colleen Hoffman, Sam Flett, Sierra McDermott, PAL
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Bacterial Isolates Solubilize Mn From Glasgow 
AMD Solids

n = 3

Glasgow

AV20

AV21

AV22

AV24

KB7

JR07

Sterile

Incubate 30°C

Mn2+ = MnRno Mn2+

FAD
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AV-345 FAD Glasgow Solids Scaled Down 



Sam Flett, Sierra McDermott, & PAL

Solubilization of REEs from AMD 
Solids with Bacterial Isolates

AV20

AV21

AV22

AV24

KB7

JR07

Sterile

KB7 & JR07 best 
@ ↑soluble REEs

Sterile AV20 KB7



Selective Bacterial 
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Meghan Brandi

SEM of KB7 with Glasgow AMD Solids

Mn oxides from Glasgow AMD covered in rod shaped bacteria KB7 
consistent with these isolates being Bacillus sp.



KB7 & JR07 are the stronger solubilizers of AMD solids (REEs)

Isolate 16S rrn Identity Biofilm
Lactic 
Acid

AV20 90% Bacillus cereus - -

AV21 98% Corynebacterium sp. - -

AV22 83% Bacillus sp. - -

AV24 98% Corynebacterium sp. - -

KB7 100% Bacillus pseudomycoides + +

JR07 100% Bacillus mycoides + +

Both isolates 
Direct interactions with AMD solids (SEM)

Form Biofilms
Produce Lactic Acid
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Inoc.Sterile

REE: La

KB7

JR07

Sterile

n = 3

Acidogenesis Isolates KB7 & JR07 
↑Soluble La(III) from LaOx

La
Incubate 30°C

La

*Bethann Wilson

*
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B3Sterile

Decrease in Soluble La(III) when Bacterial 
Isolate B3 is Present 

La

Bethann Wilson, Cassandra Ziegler 

B3

La

Martinez-Gomez 2015
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B3   B3   

Characterizing B3



Future Directions

Publish / Patent Work 

Scale-up Biomining Process for In-Field Applications



Thank You!!
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I’m looking for opportunities post-doctorate. 

LinkedIn CV

vietmeiera1@gmail.com 

Let’s connect!

mailto:vietmeiera1@gmail.com
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