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Nitrate exported to surface waters

http://water.usgs.gov/nawqa/sparrow/gulf_findings/delivery.html

• Excessive nutrients contribute to 
growth of large amounts of algae 
that decay and consume oxygen –
hypoxia.  

• Some algal blooms can be harmful 
to health 

Algae bloom on Wisconsin’s Lake Tainter. 
(photo: Peg McAloon)

http://water.usgs.gov/nawqa/sparrow/gulf_findings/delivery.html


Nitrate and Human Health
Infants and pregnant women
• Methemoglobinemia or “blue-baby syndrome”
• Central nervous system malformations (birth defects & miscarriages)

Adults
Possible correlations to:
• Non-Hodgkin’s lymphoma
• Various cancers (ex. gastric, bladder)
• Thyroid function
• Diabetes in children

Nitrate often indicator of other possible contaminants 
(ex. other agricultural contaminants, septic effluent, etc.)

Wisconsin Groundwater Coordinating Council, 2015; Weyer, 1999

http://dnr.wi.gov/topic/groundwater/documents/GCC/GwQuality/Nitrate.PDF
https://www.leopold.iastate.edu/news/leopold-letter/1999/fall/should-we-worry-about-nitrate-our-water


WI Well Water Viewer, 2019

Average Nitrate-Nitrogen 
Concentration by Township



Nitrate Variability in Wisconsin’s Groundwater



Nitrate-N breakdown

• 57% of private wells have concentrations less 
than 2 mg/L

• >40 mg/L: 0.12%*; 960 wells1

• >30 mg/L: 0.56%*; 4,480 wells1

• >25 mg/L: 1.0%*; 8,000 wells1

• >20 mg/L: 2.2%*; 17,600 wells1

• >10 mg/L: 8.2%**; 10%*, 65,600-80,000 
wells1

*estimate from Center for Watershed Science and Education database, UW-Extension/UW-Stevens Point

**estimate from Agricultural Chemicals in Wisconsin Groundwater, DATCP. 2017  

Based on estimate of 800,000 private wells, GCC Report to the Legislature,  https://dnr.wi.gov/topic/groundwater/GCC/wells.html
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https://dnr.wi.gov/topic/groundwater/GCC/wells.html


Estimating Nitrogen Leaching Potential

From Meisinger, J.J and Randall G.W. 1991. Chapter 5: Estimating Nitrogen Budgets for Soil-Crop Systems.  
In Managing Nitrogen for Groundwater Quality and Farm Profitability, editors: Follett, Keeney, and Cruse.  Soil Science 
Society of America.

Potential N Leaching = N Inputs - N Outputs (excluding leaching) - Change in N Stored

Runoff, Wind Erosion



Measuring nitrate leaching below an irrigated field in 
the Central Sands Region
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Drainage Volume X Concentration = Nitrate Leaching 

X =



Nitrogen Leaching Losses



Estimating Leaching Losses Using a Nitrogen Budget



Nitrate Leaching at 
Arlington, WI
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Flow Weighted Mean Nitrate-N Concentration (mg/L)

23.8     11.7      24.2     2.5       8.0       10.9      4.9      10.2 



N

Or

Water (inches) x Nitrate-Nitrogen Concentration (mg/L) x 0.226 = Pounds of Nitrogen per Acre
(8 in.) x (10 mg/L) x 0.226 = 18.1 lbs N/acre

1 2 3 4 5 10 15 20 30 40

Inches of  

Irrigation

1 0.2 0.5 0.7 0.9 1.1 2.3 3.4 4.5 6.8 9.0

2 0.5 0.9 1.4 1.8 2.3 4.5 6.8 9.0 13.6 18.1

3 0.7 1.4 2.0 2.7 3.4 6.8 10.2 13.6 20.4 27.1

4 0.9 1.8 2.7 3.6 4.5 9.0 13.6 18.1 27.1 36.2

5 1.1 2.3 3.4 4.5 5.7 11.3 17.0 22.6 33.9 45.2

6 1.4 2.7 4.1 5.4 6.8 13.6 20.4 27.1 40.7 54.3

7 1.6 3.2 4.7 6.3 7.9 15.8 23.7 31.7 47.5 63.3

8 1.8 3.6 5.4 7.2 9.0 18.1 27.1 36.2 54.3 72.4

9 2.0 4.1 6.1 8.1 10.2 20.4 30.5 40.7 61.1 81.4

10 2.3 4.5 6.8 9.0 11.3 22.6 33.9 45.2 67.8 90.5

Nitrate-Nitrogen Concentration (mg/L)

lbs of Nitrogen per acre

Estimating nitrogen from irrigation or leaching losses 
using concentration

Water in 
inches
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Graph of root depth: http://www.bae.ncsu.edu/programs/extension/evans/ag452-1.html

Picture of corn roots: http://www.soilandhealth.org/01aglibrary/010137veg.roots/010137ch2.html

http://www.bae.ncsu.edu/programs/extension/evans/ag452-1.html
http://www.soilandhealth.org/01aglibrary/010137veg.roots/010137ch2.html




Our challenge:
The top foot

• Current agricultural systems allow for significant 
nitrate losses to groundwater – much of it can 
occur outside the growing season

• Soils and geologic considerations can exacerbate 
losses from agricultural systems

• Future agricultural management 
priorities/challenges:

• 1) Encourage but also need to better quantify nitrate 
reduction from

• Cover crops
• Diversification of crop rotations
• Etc.  

• 2) Climate change will impact nitrate losses to 
groundwater

• More extreme rainfall events
• Longer growing season
• Increased soil temperature
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