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Objectives

1. Characterize and quantify water column nitrogen (N) cycling rates in 

lakes Peipsi and Võrtsjärv (Estonia)

a. Ammonium (NH4
+) uptake and regeneration

b. Nitrification

2. Characterize and quantify sediment–water interface N transformations 

and O2 demand in Lake Võrtsjärv

a. Net nutrient (NOx, NH4
+, urea, ortho–P), O2, and N2 fluxes

b. Potential denitrification and DNRA

c. Possible anammox

d. N2 fixation (heterotrophic)
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Area = 270 km2

Mean depth = 2.7 m

Max depth = 6 m

Eutrophic, dominated by

Limnothrix spp. (non-N-

fixing cyano)





*Collect intact sediment cores and near-bottom 

water for continuous-flow incubations to 

measure SWI N fluxes and transformations.



Incubation Design
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Methods: Intact sediment core incubations

• Sample inflow reservoirs
and core outflows daily for:

• Nutrients (filtered 0.22 µm)
PO4

3-, NH4
+, NO3

-, NO2
-, urea

• Dissolved gases
O2, 28, 29, 30N2



Methods: Membrane Inlet Mass Spectrometry

• C cores
▫ Net 28N2, O2, nutrient fluxes

• A cores
▫ 15NH4

+ + 14NO2
-
→

29N2

▫ Possible anammox

• N cores
▫ 15NO3

-
→

29,30N2

▫ Denitrification

▫ 15NO3
-
→

15NH4
+

▫ DNRA (OX-MIMS)
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Expected patterns, but 

indicative of active 

remineralization and 

microbial activity 

through ‘winter’.
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Note y-axis scale…higher 

rates at LV-PS, as expected, 

but no P release at LV-10
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Note y-axis scale again… 

a lot of NH4 coming from 

LV-10 sediments through 

winter, but maybe shallow 

LV-PS runs out of OM?
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Urea release on its own an 

order of magnitude higher 

than P flux (but < NH4 flux)
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LV-1015NO3
- stimulated N2

production, especially in 

winter (why lower DNF in 

fall, during high NH4 

release? Suggests not OM 

limited…maybe missing 

coupling with NTR?)
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(Same y-axis scale) Plenty of 

N2 production, but no NH4 

release in winter…more 

effective coupling with NTR 

than at LV-10?



Observations/Questions

1. Microbes are clearly active during winter in Võrtsjärv (historically 

mild winter? No ice, but water temps still 1.2 ˚C…what about more 

‘normal’ winter with ice?).

2. Not much P flux from sediments, especially compared to N (pattern 

maybe reversed in warmer months?).

3. Anammox, DNRA, and N fixation do not seem to be very important 

this time of year.

4. Why no NH4 flux at LV-PS in winter? Lots of N2 production, so 

microbes are active…maybe more efficient coupling with NTR (unlike 

LV-10), so accumulated OM → NTR → DNF?



What’s Next?

1. Water column rates

2. Sample more during ‘normal’ winter and warmer months

3. Use 15N amendments to tease apart the role of coupled 

remineralization-nitrification-denitrification to help explain 

why sediments were a more efficient N sink at some times 

and places than others.



mark.mccarthy@emu.ee

Twitter @MJMcNCycle
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Whoa…
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