Advancing the adoption of artificial nitrogen sinks
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Constructed wetlands and denitrifying bioreactors are artificial “sinks” (hotspots of N removal) that are
created to resemble natural systems that promote denitrification. When installed at the edge of an

agricultural field, they can intercept groun

dwater or tile drainage water and reduce the nitrate-N content

of agricultural discharge. The goal of our project is to advance the adoption and proper placement of

denitrifying bioreactors an

Constructed Wetlands

Constructed wetlands (Fig.1) are artificial systems
that provide ecological services, such as flood
water storage, nutrient (nitrogen or phosphorus)
storage and cycling, and erosion control. They are
modeled after natural wetland systems. These
systems are placed alongside ditches or streams
where they retain water for hours or days to allow
nitrate-N removal through denitrification.

Denitrifying Bioreactors

A denitrifying bioreactor (Fig.2) is an artificially
constructed system that mimics selected functions
of riparian wetlands. These systems are
composed of an added source of carbon (often
woodchips) that intercept groundwater or tile
drainage. The wood chips create an anaerobic
environment in which bacteria transform the
nitrate-N in the water into nitrogen gas.

The two main types of denitrifying bioreactors.
are beds (Fig. 2a) and walls (Fig. 2b). Beds are
closed systems that receive tile drain inflow.
Walls are placed in the natural flowpath of
groundwater leaving from agricultural fields.
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d constructed wetlands in agricultural settings.

= | Figure 1: Conceptual diagram of constructed
wetland treating tile drainage
(Mitsch and Day 2006)
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Figure 2: Denitrifying Bioreactors
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Figure 2b: Denitrification wall to

intercept groundwater flow
(Schipper et al. 2010)

Fig 2a: Denitrification bed to treat tile
drainage (Schipper et al. 2010)
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Limitations & Next Step

Atrtificial N sinks are not suitable for all locations and conditions. It is important to consider
site conditions and hydrology at all sites to maximize N removal function.

Flowpaths: If a denitrifying bioreactor is
intended to intercept natural groundwater
flow, site hydrology must be understood.
For instance, deep groundwater flow can
bypass treatment. (schipper et al. 2010)

Cost and Social Barriers to adoption are

other important limitations for artificial N sinks.

Next Steps
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Residence time and hydraulic loading: For high N
removal in both constructed wetlands and denitrifying
bioreactors, longer residence times need to be

accommodated when hydraulic loading is high.
(Crumpton, ISU)

*  Conduct a formal meta-analysis to refine our synthesis of controlling factors and recommendations
« Explore geospatial data for improved siting of artificial N sinks
«  Assess potential adverse effects: greenhouse gases, dissolved organic carbon, and methyl mercury
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