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Why is N Removal (i.e. denitrification) Important?

(Boesch2002;  Galloway et al. 2003)Credit: Bob Howarth

Global Reactive Nitrogen Creation



Å Potential health and environmental damages due to 
anthropogenic N total $210 billion yr -1 (Sobotaet al. 2015)
Å Human health
Å Fisheries
Å Climate change
Å Property value
Å etc.

Å Wastewater Infrastructure is failing (ASCE 2013) and capital 
investments of $15 billion yr-1 are needed to address needs
Å Inadequate capacity
Å Aging pipes
Å Increasing permitting standards

Nitrogen Pollution Is An Expensive Problem



= 15 to 76 % removal (denitrification) of nonpoint

dissolved inorganic nitrogen (DIN) inputs

[depending on climate]

InstreamNitrogen Removal Capacity of Networks

Seitzingeret al. 2002
Bernhardt et al. 2005
Wollheimet al. 2008

Stewart et al. 2011



InstreamNitrogen Removal Capacity of Networks

Research Questions

How much N removal (denitrification) 
do rivers contribute to contemporary 

wastewater treatment in the 
northeast US?

How do WWTP regulations 
(i.e. TN removal efficiencies) 

influence this aquatic ecosystem 
service and total river N export?
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Modeling Approach



Framework for Aquatic Modeling in the Earth System

(FrAMES)

Vertical Water Balance:
- Inputs: precip, airT, soil data, and land use
- Simulated at daily time step

Horizontal Discharge Routing:
- Muskingum channel routing

Channel Width and Depth:
- Simulated using discharge scaling functions

Discharge Calibration:
- Utilized headwater discharge data from USGS

Biogeochemical Applications:
- DIN removal (Wollheimet al. 2013)
- Water temperature (Stewart et al. 2013)
- Chloride mass balance (Zuidema, In Review)
- Fecal Coliform processing (Huang, In Prep.)
- Terrestrial-aquatic linkages (Samal, In Prep)
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Study Domain and Time Period

Model Duration: 2000 ς2010
Grid Cell Resolution: 3 min Lat. By 3 min Lon (~22 km2)
Climate: MERRA (Rieneckeret al. 2011)



Non-point Nitrogen Inputs

Percent Human 
Land Use

(%Agr+ %Dev)

Agriculture Runoff DIN Concentrations
(Jordan et al. 1997)

= ấ(% Agr., BaseflowIndex)

Developed Runoff 
DIN Concentrations  
(Wollheimet al. 2008)

= ấ(% Dev., Daily Runoff)


