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Catchment-scale export of solutes from diffuse sources is governed by many interrelated factors such as land use, 
climate, geological-/ hydrogeological setup and morphology. River-groundwater connectivity is a crucial control in 
this context: On the one hand groundwater is a main pathway for nitrate inputs to the river. On the other hand, the 
transition zone between the river and groundwater –the riparian zone – can facilitate enhanced nitrate turn-over by 
denitrification. Within a watershed, both processes operate at different locations and scales and superimpose each 
other to create complex spatial patterns in nitrate concentrations and turn-over rates. 

To understand the specific nitrate pathways in a catchment, we combine results from longitudinal river water 
sampling campaigns with small scale groundwater monitoring at the reach-scale. Measurements were done in the 
catchment of the Selke river, a 67 km long third-order stream in the Harz Mountains in central Germany. Multiple 
longitudinal sampling campaigns were conducted during different seasons by taking a water sample every 2 km 
along the main course of the river. Samples were analyzed for field parameters, major cations and anions, N-O 
isotopes, nutrients and Radon-222 (Rn) concentrations. Additionally, at each sampling location, river discharge was 
measured. Groundwater influxes to each sampled river section were quantified from the Rn measurements using the 
code FINIFLUX [1]. 

Rn and nitrate concentrations showed an increase from the spring to the mouth, indicating a growing impact of 
groundwater flux to the river. However, increases in groundwater gains were not gradual and consequently also 
nitrate concentrations showed significant variations along the river course. Where the Selke River leaves the Harz 
Mountains and enters the alluvial plains several transects of groundwater wells were installed with wells at different 
distances from the river. The wells were sampled every month over a 2-year period [2]. Highest denitrifying 
activities were found in wells close to the river at reaches, where the river is losing water to the aquifer. We 
hypothesize that at these sites denitrification is fueled by the delivery of bioavailable carbon from the river to the 
aquifer. In contrast, at sites where the groundwater is feeding the river (gaining conditions) denitrification plays a 
minor role and groundwater nitrate discharges directly to the river.  

Combining the understanding we gain from monitoring at both scales we can develop a simple conceptual model of 
nitrate dynamics in the catchments: Where groundwater is constantly feeding the river, advective transport of nitrate 
is the dominant process and denitrification is of minor importance. This process is dominant over extended reaches 
in the lower catchment and creates a decisive imprint on instream nitrate concentrations, in particular during low 
flow periods. Increasing 15N isotope values in the stream water from up- to down-stream locations, suggesting an 
increase in net denitrification activity from the upper to the lower catchment can be explained by river water that 
locally infiltrates into the riparian aquifer and subsequently returns back to the river with elevated 15N isotope 
values. 
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