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WHY MANGANESE?

• Manganese (Mn) is nearly ubiquitous, but environments can 

easily reach toxic manganese concentrations

• Mn can end up in waterways as a result of pollution from 

mining wastes

• Accommodating for Mn in polluted environments 

complicated by lack of understanding of Mn speciation



HOW DO WE GET RID OF IT?

One way we treat contaminated waterways (often 

containing Mn), is through passive treatment systems

Mayer Ranch Passive Treatment System – Google Earth 2026VFBR

https://earth.google.com/web/search/Tar+Creek,+Oklahoma/@36.92192033,-94.8727793,242.00094947a,678.56436486d,35y,27.69243077h,5.73673715t,0r/data=CiwiJgokCUzJh8fFWEJAEcDepgnWVkJAGfJTzfkPY1nAIZ8PRSNMZVnAQgIIAToDCgEwQgIIAEoNCP___________wEQAA?hl=en_US


VERTICAL FLOW BIOREACTOR (VFBR)

Organic-matter rich and anaerobic, like wetlands

Rose, 2010• Typically used to promote alkalinity

• Can also remove trace metals:

• Predominantly as sulfides

• Or as carbonates and oxides

• Or through sorption or complexation

https://www.researchgate.net/publication/228698935_Advances_in_Passive_Treatment_of_Coal_Mine_Drainage_1998-2009


Mn not retained as sulfide because it is highly soluble, so 

what are we seeing?

Labar and Nairn, 2018

https://doi.org/10.1016/j.chemosphere.2018.01.134


Effluent dissolved Mn

Median influent concentration = 1.36 

mg/L

Where is excess coming from?

Unpredictable Mn behavior in VFBR

Why is this happening?

LaBar and Nairn, 2018



GOALS

• Study behavior and sequestration of Mn in these kinds of    
environments

• Proof of concept study – can we implement speciation?

• How?

• Analyze for patterns in speciation for Mn(IV), (II), and (III) over 
time

• Study Mn sequestration in the substrate itself



WHY ARE WE WORRIED 
ABOUT SPECIATION?

• Mn can exist as many different 

species, at least up to seven 

different oxidation states

• Mn can be readily removed 

through aerobic means

Langmuir, et al., 2004



MN (III)

• Previously, only Mn(II) considered dominant for soluble 

Mn fractions

• Re-evaluated to include Mn(III) bound to ligands

• Mn(III)-ligands can transfer electrons and therefore have a 

potential impact on redox chemistry

• Evidence also supports presence of Mn(III) in suboxic 

environments



Mn negatively associated with carbon 

storage in humus layers in forests

• Part of long-term decomposition, 

regulated by Mn peroxidase

• Mn(III) plays a role!

• Litter-decomposing fungi oxidize 

Mn(II) into Mn(III)

• OM decomposition when Mn(III) 

binds with organic ligands
Li, et al., 2021

https://pubs.acs.org/doi/10.1021/acs.est.1c00299?fig=tgr1&ref=pdf


METHODS

• 1. Recreate organic, anaerobic 

environment

•  cubitainers filled with spent 

mushroom compost and ~0.5 

mg/L Mn water at 12.5:1 ratio

• 2. Measure twice weekly for:

• pH

• Temperature

• Redox potential (ORP)

• Conductivity

• Dissolved oxygen (DO)

• Total Mn

• Mn(II)

• Mn(III)



Known under anaerobic conditions:

Soluble Mn(II)/(III) and insoluble 

Mn(IV)

 

1. Total Mn from 1 mL unfiltered 

sample

2. 3 mL soluble Mn samples filtered 

through 0.45 µm

 Mn(II) and (III) evaluated by process 

described in Oldham et al. (2016)

MANGANESE



PROCESS FOR SOLUBLE MN

as described in Oldham, et al., (2016)Determination of soluble Mn concentrations 

through addition of a soluble porphyrin 

ligand:

• α,β,γ,δ-tetrakis(4-

carboxyphenyl)porphine [T(4-CP)P]

1. Rapid Mn(II) oxidization into Mn(III)-

Porphyrin complex (initial rise of curve!)

2. Mn(III) undergoes ligand substitution to 

form Mn(III)-porphyrin complex

3. Complex can be measured by UV-Vis 

spectrophotometry at 468nm 0
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SEQUENTIAL 
EXTRACTIONS

Performed on substrate to analyze for Mn 

bound to: 

• Carbonates

• Labile OM

• Fe/Mn Oxides

• Refractory OM

Labile OM: bound to humic and fulvic acids

Refractory OM: decay-resistant with low 

solubility

Substrate Carbonates Labile OM
Fe/Mn 

Oxides
Refractory OM



RESULTS

pH

Cond 

(mS/cm) DO (mg/L) ORP (mV)

Temp 

(°C) Mn(IV) (mg/L)

Soluble Mn 

(mg/L)

Ctrl 7.32±0.07 4.758±0.140 0.06±0.01 -70.5±59.8 22.0±0.2 0.915±0.080 0.050±0.002

Treatment 7.26±0.09 4.715±0.234 0.05±0.01 -103.8±60.7 22.1±0.2 0.914±0.114 0.050±0.002

For solution in reactors:

• Greater proportion of Mn present as Mn(IV) (insoluble) 

than soluble Mn

Table 1.  Average conditions in cubitainers over 19 weeks



• Example of graphed output for Mn(II)/(III)
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• On average ~95% of soluble Mn is present as Mn(III)



Changes in Mn storage in 
substrate with different 
speciation:

• Total Mn: greatest 
amount of Mn stored in 
carbonates

• Dissolved Mn: greatest 
amount stored in 
refractory OM
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DISCUSSION

Proof of concept study: could the Oldham et al. method 

work for speciation of Mn?

• Mn(II)/(III) process could work, but took time to get 

consistent results

• Sequential extractions had matrix effects

1. Color difference for 

Labile OM extraction 

solution

2. Color change after 

addition of T(4-CP)P 

solution during 

Refractory OM 

extraction

1. 2.



DISCUSSION

• Growing concern over Mn impacts to the environment and 

human health

• Use data to understand where and how Mn is stored in wetland 

environments

• Apply new understandings to treatment systems to effectively 

reduce Mn concentrations



CONCLUSION

• Studied Mn speciation and sequestration under conditions 
observed in VFBRs

• Environment recreated and analyzed over time, then sacrificed for 
sequential extractions

• Results show patterns for speciation and indicate strong Mn(III) 
presence complexed to organic lipids

• Results can be used to adapt treatment systems to accommodate 
for Mn



FUTURE STUDIES

• Remove matrix effects for sequential extractions

• Geochemical modeling for Mn(II)/(III)

• Modifications to processes used:

• Run longer study

• Spectrophotometer: shorter increments than 3 seconds
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