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Effects of Reduced O2 Levels

• Inhibit coupled nitrification-
denitrification 

• Shift system towards 
dissimilatory   nitrate reduction 
to ammonium (DNRA)

• Reduced N2 output and 
increased NH4

+ accumulation

• NITROGEN • PHOSPHORUS
• Reduction of Fe(III) and Mn(IV) 

to soluble states

• Release of sorbed inorganic 
phosphate from metal oxide-
hydroxide complexes

• Increased efflux of PO4
3- to 

overlying water column

(McCarthy et al. 2008; Testa and Kemp 2012)

Nutrients  >  Phytoplankton  >  POM  >  Hypoxia  >  Recycling  >  Nutrients

How long does hypoxia need to persist for these processes to occur?



Isopleths of water column DO (uM) 
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Sediment Flux 
Measuerements



Effects of Reduced O2 Levels

• Limits aerobic oxidation of 
methane

• Enhances methane release to 
water column

• Reduces N2O production by 
limiting nitrification/denitrification

• GREENHOUSE GASES • MERCURY
• Enhanced methylation

• Increased Me-Hg flux to water 
column

(McCarthy et al. 2008; Testa and Kemp 2012)

Reduced GHG but Increased Me-Hg under hypoxic conditions….

How long does hypoxia need to persist for these processes to occur?



Refining our Conceptual Models of 
Engineered Aeration



New NSF Research Goals and Hypotheses

• Compare sediment-water column fluxes for analytes of N, P, N2O, and 
methane to determine the impact of destratification in a eutrophic 
setting on denitrification, N remineralization, P release from 
sediments, and methane release to the water column.

• Quantify rates of greenhouse gas emissions (methane and nitrous 
oxide) from the bottom waters to the surface waters and atmosphere.

• Evaluate concentrations of total mercury (T-Hg) and Me-Hg to assess 
the impact of destratification on conditions conducive to mercury 
methylation.
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Sediment Biogeochemical
Model Predictions

• Shifted simulation runs for varying
hypoxic durations and severity

Originally Published: (Testa et al. 2013)

Simulation Trials

Moderate Hypoxia
(1.5 mg/L) 1-Day 3-Days 7-Days 14-Days

Severe Hypoxia 
(0.5 mg/L) 1-Day 3-Days 7-Days 14-Days

Applied and Validated for Rock Creek: (Harris et al. 2015)



SFM Predictions
Phosphate Flux Simulations Ammonium Flux Simulations
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Metabolism



Open Water Metabolism



Greenhouse Gases



Greenhouse Gases



Summer 2019



Questions?
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