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“Reduction/oxidation (redox) processes affect 
the chemical quality of ground water in allthe chemical quality of ground water in all 
aquifer systems.”

Mobilize/immobilize potentially 
toxic metals in aquifer materials.q

Generate undesirable by-products 
like Fe2+, H2S, and CH4., 2 , 4

Degrade/preserve 
anthropogenic contaminants. p g

(McMahon & Chapelle, 2008)( p , )



Denitrification

Four Requirements (Firestone, 1982)
NO3

- NO2
- NO N2O N2

Four Requirements (Firestone, 1982)
Nitrous oxides
Suitable bacteriaSuitable bacteria
Restricted O2 availability
Suitable e– donors [organic C,Su tab e e do o s [o ga c C,
inorganic sulfide, OS, and Fe(II)]





ISMs:  Finished Product
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Network of In-Situ Mesocosms
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(©2006 McMurdo Dry Valleys LTER)
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Igneous Rocks

http://www.tenorm.com/geo.htm





Shales may be
rich in e- donors:
Organic C, Pyrite,
Organic S,  Fe(II) minerals

Adapted from Pratt et al. (1992)



Adapted from Klapperich (2008)
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Klapperich (2008)



Statistical Results
Spearman test (nonparametric) for + correlation

Ho: No + correlation of the two donors' average values, α = 0.05.
IS OS OC Fe
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* Rejected at α = 0 1Rejected at α = 0.1
Adapted from
Klapperich (2008)



Adapted from Klapperich (2008)



18O vs.15N of Nitrate in Samples from the Englevale Aquifer

Y = 0.485x – 1.615  R2 = 0.939

(W. Schuh, ND State Water Commission, personal communication)



Adapted from Klapperich (2008)
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Denitrification:  EVA vs. Oakes
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Northern European Plains (Pätsch, 2003)

Ghent, Belgium (237,250)

The Hague, Netherlands (475,904)The Hague, Netherlands (475,904)

Viborg, Denmark (91,405)

La Havre, France (190,905), ( , )

(European populations:  Wikepedia)



Northern European Plains (Pätsch, 2003)

Ghent, Belgium (237,250)
Ghent, MN (339)Ghent, MN (339)

The Hague, Netherlands (475,904)The Hague, Netherlands (475,904)
Hague, ND (91)

Viborg, Denmark (91,405)
Viborg, SD (832)bo g, S (83 )

La Havre, France (190,905), ( , )
Havre, MT (9,621)

(European populations:  Wikepedia)



Enhanced Denitrification

Max Oulton, University of Waterloo

Corey Mitchell, University of IllinoisNSF Press Release 10-206
http://www.nsf.gov/news/news_summ.jsp?cntn_id=117976&org=DEB&from=home



Conclusions
The reactivity of aquifers in 

North Dakota is highly variableNorth Dakota is highly variable.
The most reactive aquifers 

appear to be associated withappear to be associated with 
shale bedrock units that are also 
high in electron donorshigh in electron donors.

Much more work needs to be 
done!done!
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