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 Internal phosphorus  cycle under changed climatic conditions 

Hypotheses WP 3 

Eutrophication Mixing Phosphorus  

Phosphorus is stored in non-mixed water layers (trap effect). Under episodic 
mixing conditions the phosphorus is distributed in the whole water body and 
increases the phosphorus  availability for the phytoplankton.   

Longer and more stable stratification favours anaerobic conditions at the 
sediment water interface leading to mobilisation of sedimentary phosphorus.  
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Methods  

Three sampling campaigns 
in April, October 2016 
and April 2017  
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Three main sampling points 
B1, B2 and B3  

Additional points  
N-S transect  
B4, B5, B6 and B7 



Research concept: Determination of pools and fluxes of P 

- Seasonality of vertical distribution of phosphorus   
  (mass balance for Epi, Hypo, Moni) 

- Internal vs external P sources  (WP 1 and WP 2)   

- Relations between physical structure and phosphorus transport, Input for modelling (WP6)    

Aims  

Method/data basis 

- Water sampling at B1, B2 and B3 in a high resolution 

- Additional parameters (multiprobe, chemical parameters)  



Method 

Exposition of dialyses sampler (peeper) to measure the  
gradientes of dissolved substances  between sediment  
and water in a 1 cm resolution. Exposition at B1, B2 and B3 
in April and October  

Aims  

- In-situ measurement of phosphorus  release from  
  sediments (sites, seasons) 
- Characterisation of redox conditions 
- Identification of P related processes 

Research concept: Determination of pools and fluxes of P 



Method 

Exposition of automatic multi trap samplers to measure the 
vertical particulate P flux simultaneously  at two depths 
(20 m and 80 m). One multi trap system is equipped with 
22 flasks and two cylinders  (parallel samples).   

Aims  

Quantification of vertical matter  transport and their 
seasonal variability. Determination of changes during and 
after sedimentation by comparison of trap material in 
different depths with sediment surface.  

Research concept: Determination of pools and fluxes of P 

Exposition  
April 7, 2016 



Method 

Exposition of automatic multi trap samplers to measure the 
vertical particulate P flux simultaneously  at two depths 
(20 m and 80 m). One multi trap system is equipped with 
22 flasks and two cylinders  (parallel samples).   

Aims  

Quantification of vertical matter  transport and their 
seasonal variability. Determination of changes during and 
after sedimentation by comparison of trap material in 
different depths with sediment surface.  

Successfully recovered  
April 25, 2017 

Exposition  
April 7, 2016 

Research concept: Determination of pools and fluxes of P 



Aims  

Method 

Sampling of sediment cores for slicing of uppermost layers. 
Determination of P binding forms by sequential extraction 
procedure. 

Quantification of potentially mobile P forms by analysis P 
species and by the gradient method. 

Research concept: Determination of pools and fluxes of phosphorus  Research concept: Determination of pools and fluxes of P 



Method 

Sampling of sediment cores (40 to 50 cm long) for multi-
element analysis with XRF core scanning (´Geo´-Scanner). 

Aim  

Evaluation of trends and sedimentation events with 
importance for internal phosphorus  cycling (e.g. S:Fe 
ratio). Proxies for trophy and oxygen situation (Mn:Fe, …) 
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Research concept: Determination of pools and fluxes of P 
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Lake 
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Lake 
sediment 

P P Method 

Sampling of sediment cores and exposition under 
anaerobic and aerobic conditions in the laboratory. 
Restocking of P in the overlying water. Quantification of P 
uptake by mass balance and sediment investigations.      

Aims  

Quantification of the redox controlled P fixation in the 
sediment    

Research concept: Determination of pools and fluxes of P 
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40% of the lake volume: oxygen free, metalimnetic oxygen minimum in summer 

Accumulation of reductive potential in the hypo-/monimolimnion 
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Accumulation of reductive potential in the hypo-/monimolimnion 
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Balance of total P in the water 
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O2= 0 

Epi      0-20 m      13 µgP/L 
Hypo   20-100 m     38 µgP/L 
Monimo:  100-252 m  102 µgP/L 

101 µgP/L 

No significant changes between April and October 

60.5 µgP/L 

TPLake (average) 
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Hy 
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PLake= 483 t 

P is accumulated in the monimolimnion (less P in the euphotic zone, but P in the  
monimolimnion could be a „time bomb“)  

329 t 

  15 t 

133 t 

100 t* 
*Dalmiglio (2011)  

Preliminary P balance 



Determination of P release 2 
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Profiles in the sediment water interface, April 2016 

Phosphorus release rates ranged between 1.26 and 3.02 mgP m-2 d-1   



Preliminary P balance   

Mo 

Hy 

Epi 

PLake= 483 t 100 t 

28.0 t 329 t 

  15 t 

133 t 

28.0 t yr-1 

P release from sediment  
(mgP m-2 d-1)  

B1     2.58      1.90 

B2     1.73      3.02 

B3     1.78      1.26 

„Discrepancy“ between release rate and  
no increase in the monimolimnion  
  
- Too short period between April to October   

- Exchange accross redoxcline (chemocline) 

- Re-precipitation of P in the monimolimnion 



4 Determination of potentially mobile P pool 
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41.2 t 

Mo 

Hy 

Epi 

PLake= 483 t 100 t 

28.0 t 

28.0 t yr-1 

P release from sediment  
(mgP m-2 d-1)  

B1     2.58      1.90 

B2     1.73      3.02 

B3     1.78      1.26 

Pot. mobile P pool sediment  
(mgP m-2)  

B1      1200  

B2        873 

B3        968  

329 t 

  15 t 

133 t 

The P pool in the sediment is only sufficient für 1.5 years   

Preliminary P balance 



6 Quantification of redox-controlled P  

-400

-200

0

200

400

600

800

1000

0 50 100 150 0 50 100 150

P
 u

p
ta

ke
 (

m
gP

/m
2
) 

0 50 100 150
anoxic 

B1  B2  B3  

aerobic 

anoxic 

aerobic 

anoxic 

aerobic 

The higher the reductive potential the higher the impact of reoxidation. 



Under aerobic conditions P is adsorbed to iron in the uppermost sediment layer.  
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6 Quantification of redox-controlled P  



41.2 t 

30.2 t Mo 

Hy 

Epi 

PLake= 483 t 100 t 

28.0 t 

28.0 t yr-1 

P release from sediment  
(mgP m-2 d-1)  

B1     2.58      1.90 

B2     1.73      3.02 

B3     1.78      1.26 

Mobile P pool sediment  
(mgP m-2)  

B1      1200  

B2        873 

B3        968  

Redox controlled P sediment  
(mgP m-2)  

B1     1020 

B2       572 

B3       380 

The eutrophication potential of mobile P in sediment is low  
compared to Plake and Pimport. 

329 t 

  15 t 

133 t 

Master thesis of Juliane Roth (2017)  

Preliminary P balance 



Outlook: Modeling of P development under changed mixing conditions  

I E 

NS 

I = E+ NS- dPlake/dt 

Plake 

Steady state:   

dPlake/dt = 0 

input output 
reaction 

The one-box model 

Net sedimentation 

coefficient 

 = NS/Plake 

Stratification factor 

= cPE /cPlake 

Water residence time 

= Q/V 



Outlook: Coupling of hydrophysical conditions with P fluxes   

Monimolimnion as a trap for  
phosphorus, transport across  
chemocline 

Movements of the redoxcline 
(„seiches“).  
Short term redox changes  

redoxcline 

hypolimnion 

monimolimnion 

Role of particles from the 
catchment. 

P 

P 
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Outlook: Evaluation sediment profiles  

B1 

Event stratigraphy 

Proxies for oxygen situation 

Pattern of elemental  
composition 
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Outlook: Evaluation sediment profiles  

B1 

Event stratigraphy 

Proxies for oxygen situation 
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Projekt ISEO 

Status WP 1 

Sampling Analysis Evaluation 

P fractionation 

Pore water 

Surface sediments  
transects 

Multi-Traps 

Geoscanner  
(long cores, 60 cm) 

Lab core experiments 

P profiles in water 

Particles 

Completed In progress To do 





 

Thank you! 



http://hydraulics.unibs.it/hydraulics/attivita-scientifica/iseo-project/ 


