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Nitrogen is one of the most important elements for life in 

the oceans. The nitrogen cycle in the sea is closely linked 

to the other element cycles like carbon, phosphorus and 

sulphur. In marine environments reactive inorganic 

nitrogen species (DIN) like nitrate, nitrite, ammonium and 

dissolved organic nitrogen (DON) are detectable. 

Anthropogenic sources of reactive nitrogen, which can be 

used by primary producers (phytoplankton, macrophytes),

 

are rivers and atmospheric deposition. Another natural  

nitrogen source is biological N2

 

fixation. It brings reactive 

nitrogen into the system, converted to particulate biomass.  

This nitrogen enters the food chain by grazing on primary 

producers by zooplankton and by uptake into the microbial 

food web. Dead particulate matter sinks to the sediment 

and is remineralized, oxidized and eventually denitrified by 

various microorganisms. 

All these environmental processes can be analyzed 

using stabile Isotope methods.

Methods

Sampling campaigns in the Elbe River and 

German Bight

Nutrient analyses 

Determnation

 

of dissolved organic nitrogen 

(DON) 

Determination of stabile isotope signatures

Measurement of nitrification rates

 Incubation of nitrifying organisms in bioreactors

 Isotope determination of wet and dry 

atmospheric deposition 

The nitrogen cycle is the fly-wheel of the biological gears in the carbon cycle on Earth, and this fly-wheel 

is spinning much more rapidly since industrial N-fixation has surpassed natural rates of N-fixation in the 

last decades. Reactive nitrogen is an essential nutrient for plant growth and is needed in vast amounts to 

sustain the world’s growing population. For human use (mainly as fertilizers), it is industrially fixed via the 

Haber Bosch process, which, ever since its invention some 100 years ago, has led to a 10-fold increase 

in the worldwide production of reactive nitrogen. The benefits of the associated increase in agricultural 

production are beyond question, but a fundamental perturbation of nutrient cycling in aquatic 

environments clearly illustrates the downside of this increase in the worldwide nutrient budget. 

Nevertheless, some areas react especially sensitive to these increases. Additional inputs of reactive 

nitrogen, while of great importance as primary nutrient in both coastal and marine ecosystems, do not 

reveal the same effect on these two systems. 

Marine systems are insensitive, but the coastal zone, which represents the parts of the worlds’

 

oceans 

that are directly important to humans, the picture is entirely different. Due limited exchange with the open 

ocean, massive anthropogenic nitrogen inputs are discharged via groundwater, direct runoff from land, 

rivers / estuaries and the atmosphere. 
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Stabile Isotope –background

Due to kinetic effects, organisms preferentially use the light 14N, so that the remaining nitrogen 

pool gets subsequently enriched as biological turnover proceeds and substrate concentration 

decreases. The magnitude of this preference of 14N over 15N is specific to individual pathways 

in the nitrogen cycle. In the open ocean, an equilibrium of sources and sinks sets the δ15N 

value of deep sea nitrate to approximately 5‰. 

δ15N and δ18O are source specific, but its altered 

by biological turn over processes

 ratio of enrichment in δ15N and δ

 

18O depends  on 

mechanism

Nitrogen cycle
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