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Effects of elevated nitrate concentration in shallow groundwater

*  human health problems

*  localized algal blooms

*  coastal eutrophication
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The Hyporheic Zone

A portion of the groundwater interface in streams where a mixture 
of surface water and groundwater can be found (Dahm et al. 2006)

Those sediments hydrologically linked to the open stream channel
(Findlay 1995)

>10% but <98% channel water (Triska et al. 1989)



Denitrification

5CH2 O + 4H+ + 4NO3
- 2N2 + 5CO2 + 7H2 O
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5CH2 O + 4H+ + 4NO3
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Groundwater Discharge (L s-1)
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Why does nitrate retention increase with groundwater
discharge?

Questions
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Why does nitrate retention increase with groundwater
discharge?

How do nitrate processing and profiles change with 
sediment depth below the hyporheic zone in Emmons Creek?

Does nitrate processing in shallow sediments follow similar 
patterns throughout a river network? 

What is the role of particulate organic carbon in regulating
nitrate processing in shallow groundwater?

Questions



Study Design

Sediment cores  (8) 
for denitrification

Peepers and well 
nests (6)

Summer, Fall, Spring
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Sediment core
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(Fall 2010)
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Core
Section 
(cm)

Denitrification Rate 
(g N2 O-N cm-2 hr-1)

Mean                SD                     n
0-5 1.85                 0.98                   16

5-10 1.61                 0.93                   16

10-15 1.22                 0.81                   16

15-20 0.70                 0.72                   13

20-25 0.45                 0.70                     9

Denitrification Rates

summer, fall 2009
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Why does nitrate retention increase with groundwater
discharge?

How do nitrate processing and profiles change with 
sediment depth below the hyporheic zone in Emmons Creek?

Is our conceptual model of groundwater nitrogen processing in 
shallow sediments applicable to a river network? 

What is the role of particulate organic carbon in regulating
nitrate processing in shallow groundwater?

Questions



Waupaca River Watershed

WDNR



Site mg NO3 -N/L VHG
Hartman Cr. 0.01 0.006

Waupaca R. 0.01 0.031

Crystal R. 0.95 0.000

Tomorrow R. 
@ River Rd

1.25 0.068

Emmons Cr. 1.31 0.076

Bear Cr. 6.81 0.034

Radley Cr. 10.36 0.199

Tomorrow R. 
@ Hwy T

10.49 0.072



Study Design

Sediment cores (4 to 5) 
for denitrification

Peepers and piezometer 
nests (3) placed in
upwelling zones

June – September 2010

8 study sites



Core 
Section 
(cm)

Mean
g N2 O-N/cm2/h)

SD N

0-5 2.04 2.78 33
5-10 1.98 3.68 33
10-15 0.94 1.81 33
15-20 0.68 1.39 33
20-25 0.71 2.08 30
25-30 0.80 1.97 17

Denitrification Rates in the Waupaca River Network
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Why does nitrate retention increase with groundwater
discharge?

How do nitrate processing and profiles change with 
sediment depth below the hyporheic zone in Emmons Creek?

Is our conceptual model of groundwater nitrogen processing in 
shallow sediments applicable to a river network? 

What is the role of particulate organic carbon in regulating
nitrate processing in shallow groundwater?

Questions



Year 1 - How does particulate organic carbon quantity
affect the removal of groundwater nitrate? 

Year 2  - How does particulate organic carbon quality
affect the removal of groundwater nitrate? 



POC Quantity Experimental Design

Treatment

Ambient

Control

Low POC

High POC

Replicates

10

10

10

10
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Conclusions and Recommendations for Ecosystem Management

- Our results suggest that shallow groundwater systems associated
with rivers can remove nitrate but that this capacity can be 
overwhelmed at high nitrate concentrations

- Maintaining natural stream channels and sediments is important
for promoting nitrate removal

- Our preliminary results suggest that riparian vegetation
promotes denitrification in sediments by providing a carbon 
source
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