
The Effects of Increased Nitrate Levels on 
Groundwater Quality

Larkin Walter

GEOL 628 Geochemistry

NDSU    Dec 10, 2020



Nitrogen Cycle

- Nitrogen Fixation: N2 → NH3

- Hydrolysis: NH3 → NH4
+

- Nitrification: NH4
+ → NO2

- → NO3
-

- Denitrification: NO3
- → N2

- Nitrite and Nitrate as assimilated by plants 
- Nitrogen gas can be fixated by lighting
- Decaying matter is denitrified by bacteria 

- Nearly every pesticide that has been 
investigated has been detected in air, rain, 
snow, or fog across the Nation at different 
times of year. (Follett et al 1995)

- Figure 22.5 page 442



Transport Processes

Leaching: 
- Dependent on soils ability 

to hold water
- Drain through the soil 

profile
- Ex. Sandy soils leach easily 

Runoff-
- Accumulation of water on 

the surface that runs 
downslope

- Results of irrigation
- Heavy rainstorms
- Little to no vegetation 



Groundwater Susceptibility to 
Nitrate Contamination

- Nitrate is extremely mobile 
- Water soluble anion
- Can not be sorbed by CEC

- The widespread appearance of NO3
- in ground water is a consequence of 

its high solubility, mobility, and easy displacement by water. (Jury et all 
1989)

HIGHLY VARIABLE:
- Land use
- Climate
- Chemical composition of soil 
- Soil drainage 
- Porosity 
- Permeability 
- Organic Matter Content 



Contamination in 
Minnesota

• EPA limit of nitrate in drinking water is 10 ppm

• Almost 300,000 people drink from public systems 
contaminated at or above 5 mg/L

• 150,000 from public systems with at least 10 mg/L.

• Blue Baby Syndrome



Anthropogenic 
Activities

• USGS estimates about 12 million tons of nitrogen and phosphorus are 
applied each year as commercial fertilizer. 

• 7 million tons of nitrogen and 2 million tons of phosphorus are applied 
as manure.

• Nutrients primarily enter the watershed through the application of 
fertilizers and pesticides 



Eutrophication 
- Excess Nitrogen and Phosphorus 

causes an overstimulation of growth 
of algae

- Bacteria decompose algae  after 
death using dissolved oxygen in the 
body of water

- DO in the body of water is removed 
- Hypoxic or “dead zones” are formed 

where there is little to no DO

- Areas with algae blooms have 
higher pH due to increasing 
hydroxides levels during 
photosynthesis 

- Plants and animals are unable to live 
in hypoxic zones 



Dead Zones  

Gulf of Mexico

Lake Eerie

- Mississippi River watershed drains 41 percent of the 48 contiguous 
states of the United States

- Covers more than 1,245,000 square miles
- Includes all or parts of 31 states and two Canadian provinces



Previous Work
- Inverse geochemical modeling of 

groundwater evolution with the 
emphasis on arsenic in Mississippi River 
Valley alluvial aquifer

- Jefferson County, AR

- Down stream of most agricultural 
land

- 6 samples, I used the mean for my 
input values 



Deeper look at Nitrate and 
Phosphate

• Left has .03 ppm of Phosphate, right has .15 
ppm of Phosphate 

• .15 ppm of phosphate is considered algal 
bloom conditions 

• .5 is unsafe for drinking water



Algae Bloom Equation:
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