
relatively large compared to GBS and KBS. From our analysis we observed that detrital apatite and crystalline iron oxides formed the most efficient sinks of P, with a positive contribution to burial.

Interestingly, the total mobile P was calculated to be the largest in AMS, however the actual seasonal release was the lowest of all lakes, both from the macro-data as well as from the sediment incubations. There seems to be a large discrepancy with what
happens during diagenesis and during seasonal anoxic conditions in the overlying water. More research is required to better understand the relative importance of diagenesis and seasonal release in lake P-cycling.

Deep and shallow lakes in a coupled-reservoir system exhibit differential release 
mechanisms for seasonal and long-term phosphorus release

Karel As1, Anna Pudelko1, elanie nch2, Gabriele Trommer3 , Thilo Behrends2, Stefan Peiffer1

1: University of Bayreuth, 2: Utrecht University, 3: Wasserwirtschaftsamt Ansbach

Want to know more?
Visit us at

https://h2020-p-trap.euThis project has received funding from the European Union’s Horizon 2020 research and 
innovation programme under the Marie Skłodowska-Curie grant agreement No 813438.

Overlying water
PO4 NH4 Fe

Lake sediment

Background and objectives

Field site

KBS

Conclusions

The Franconian Lake District are a series of 
reservoirs consisting of the hypertrophic, 
shallow Altmühlsee, the eutrophic, deep 
Kleiner Brombachsee and the main 
reservoir is the mesotrophic and deep 
Grosser Brombachsee. The reservoir is in 
an agriculturally-intensive region with high 
external phosphorus inputs. The Altmühlsee
serves as a pre-sedimentation basin in 
which 70% of the incoming phosphorus 
settles.

Fig 2. Map of the Franconian Lake District. Arrow shows the flow direction of the water. Water transport from AMS to GBS happens in winter. 

The importance of lake sediments in regulating the phosphorus cycle has been recognized since 
the early 40’s. Regulation is based on the phosphorus binding form in the sediment. Binding forms 
of P are numerous, for instance, it can be present associated with metal hydroxides, as a part of 
apatite or bound to organic molecules. During seasonal anoxia and increased temperatures these 
phosphorus pools could be rereleased, with iron being especially sensitive to reductive dissolution. 
Sequential extraction techniques try to quantify these operationally different pools in order to 
assess what mechanisms operate in the burial of P as well as it’s seasonal rerelease.

In this project we investigated the mechanisms of rerelease both by sediment incubation and 
sequential extractions (Fig. 1). As a main tool in sediment incubation we looked at the correlation 
of phosphorus release with iron and ammonium. As a field work site we investigated the 
Franconian Lake District (Fig. 2). This is a reservoir system consisting of both shallow and deep 
lakes that are part of the same catchment. The morphology of these lakes is however very 
different and this could result in different release mechanisms.

Fig 1. Methodological framework.
The main methods employed in 
this work are sequential
extraction and sediment 
incubation. Around 10 cores
were taken from each reservoir 
and incubated anoxically. 
Release of PO4, NH4 and Fe-ions
were monitored and help to
establish sediment activity and
release mechanism. 

Sequential extraction was used
to observe mineral
transformations involving P. By
this method we can uncover
which fractions contribute to P-
burial and which are rereleased.

Fig 5. Correlation of P release rates with NH4 and Fe-ions showed no Fe release in AMS but in KBS 
both significant amounts of Fe and NH4 were released. 

App

• Sequential extraction results do not give 
indications on the mechanisms that 
govern seasonal P-release.

• Correlations between PO4-release and 
NH4 and Fe-release during sediment-
incubation can help uncover seasonal 
release mechanisms.

• A more productive lake does not 
necessarily have a more active sediment.

• Resolution of analysis is insufficient to 
adequately address the role of the solid-
phase in short term P-release.

• Largest fraction for all lakes was the redox-sensitive fraction, even for 
AMS.

• Organic fraction was relatively large in AMS, still iron-based release 
mechanism would have been expected.

• Discrepancy between seasonal release mechanisms and diagenetic 
processes.Fig 4. Maximum release rates of  NH4 and PO4 observed during seasonal anoxia. From this 

we observed that the sediment of KBS has the highest release potential. AMS showed least 
activity albeit being the most productive lake.

Lake monitoring results

Fig 3. Seasonal O2-depth profiles of the reservoirs, indicating establishment of anoxia in GBS 
and KBS but not in AMS.
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Fig 6. Operational P-pools that get rereleased during diagenesis. This was based on 
decreases of P-pools with depth as analysed by sequential extraction,
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