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Pathways of nitrate processing through geochemical analyses

Why is this research important?

Why is our study site relevant?

What does the data tell us?

Why do we care? photo by S. Ewing
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Why is this research important? Tesoriero, A. J. & Puckett, L. J. (2011). 
Water Resources Research, 47(12), 1-17.

Ranalli, A. J., & Macalady, D. L. (2010). 
Journal of Hydrology, 389(3–4), 406–415.

limited understanding of the fundamental hydrologic and redox 
processes influencing biogeochemical pathways in riparian systems



Primary research question:
How do riparian corridors control water and solute exchange 
between upland terrace groundwater and stream channel 
waters to decrease nitrate exports?

Hypothesis: Riparian soils facilitate nitrate reduction through supplying 
organic carbon and heterogeneous mineral surface area that influence 
water residence times and reaction surfaces.

Predictions:

1. Variable nitrate concentrations reflect different reduction pathways.

2. Spatial patterns in riparian water chemistry reflect ecosystem controls 
on hydrology and reactivity.



Terrace 
groundwater:
20 mg N L-1

(Sigler et al., 2018; 
Mayernik et al., in prep)

Porter
upper 
Louse

lower
Louse

Why is our study site relevant?

Upper Louse



Flow through riparian substrate

grazed riparian corridor

cultivated upland terrace

grazed riparian corridor

cultivated upland terrace

Direct discharge into stream



What do the data tell us?
Heterotrophic nitrate reduction: 5𝐶𝐶𝐻𝐻3𝐶𝐶𝐶𝐶𝑂𝑂− + 8𝑁𝑁𝑁𝑁3− + 13𝐻𝐻+ → 10𝐶𝐶𝐶𝐶2(𝒈𝒈) + 14𝐻𝐻2𝑂𝑂 + 4𝑁𝑁2 
Dissolution and dissociation of inorganic carbon species: 𝐶𝐶𝑂𝑂2(𝑔𝑔) + 𝐻𝐻2𝑂𝑂 𝐻𝐻2𝐶𝐶𝑂𝑂3 𝐻𝐻+ + 𝐻𝐻𝐻𝐻𝑂𝑂3−

Heterotrophic sulfate reduction: 2𝐶𝐶𝐶𝐶2𝑂𝑂 + 𝑆𝑆𝑆𝑆42− → 𝐻𝐻2𝑆𝑆 + 2𝐻𝐻𝐻𝐻𝐻𝐻3− 

pH 7-8



What do the data tell us?
Heterotrophic nitrate reduction: 𝑁𝑁𝑁𝑁3− &    𝐻𝐻𝐻𝐻𝑂𝑂3−
Dissolution and dissociation of inorganic carbon species: 𝐶𝐶𝑂𝑂2(𝑔𝑔) + 𝐻𝐻2𝑂𝑂 𝐻𝐻2𝐶𝐶𝑂𝑂3 𝐻𝐻+ + 𝐻𝐻𝐻𝐻𝑂𝑂3−

Heterotrophic sulfate reduction: 𝑆𝑆𝑆𝑆42− &     𝐻𝐻𝐻𝐻𝑂𝑂3−
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Analytical 
uncertainty:

NO3
- = 5%

else= 10%

Nitrate reduction occurs 
in riparian corridors, but 
varies within and across 
riparian ecosystems
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p-value < 0.0 for all NO3
-

2021-2022
Terrace groundwater: 
2013-2016 (Sigler et al., 2018), 2021-2022
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What do the data tell us?

Principal Component 
Analysis:
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Dissolution and dissociation of inorganic carbon species: 𝐶𝐶𝑂𝑂2(𝑔𝑔) + 𝐻𝐻2𝑂𝑂 𝐻𝐻2𝐶𝐶𝑂𝑂3 𝐻𝐻+ + 𝐻𝐻𝐻𝐻𝑂𝑂3−

Heterotrophic sulfate reduction: 𝑆𝑆𝑆𝑆42− &     𝐻𝐻𝐻𝐻𝑂𝑂3−



Heterotrophic nitrate reduction: 𝑁𝑁𝑁𝑁3− &    𝐻𝐻𝐻𝐻𝑂𝑂3−
Dissolution and dissociation of inorganic carbon species: 𝐶𝐶𝑂𝑂2(𝑔𝑔) + 𝐻𝐻2𝑂𝑂 𝐻𝐻2𝐶𝐶𝑂𝑂3 𝐻𝐻+ + 𝐻𝐻𝐻𝐻𝑂𝑂3−

Heterotrophic sulfate reduction: 𝑆𝑆𝑆𝑆42− &     𝐻𝐻𝐻𝐻𝑂𝑂3−

2021
• Heterotrophic nitrate 

reduction processes exist 
within riparian corridors

• Sulfate production is 
likely driven by soil 
weathering, most evident 
in stream water.

• Temporal variation within 
corridors

What do the data tell us?

Terrace 
groundwater:
20 mg N L-1

SO4,Cl, 
Mg, Na

HCO3, Ca



Primary research question: How do riparian corridors control 
water and solute exchange between upland terrace groundwater 
and stream channel waters to decrease nitrate exports?

Why do we care?

• Variations in solute concentrations within and across reaches indicate 
even though heterotrophic nitrate reduction processes occur, alternate 
novel pathways for nitrate reduction exist and are important (e.g., sulfur, 
methane, and/or iron coupled with nitrogen cycling)

• Microbial composition and function (DOE funded N-DAMO research)

• Isotopic composition of nitrate and sulfate
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Sunrise over the Moccasin Range
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