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Focus of WP 3

Determination of pools and fluxes of phosphorus

Distribution of P in the water

Fluxes from and to sediment

P pools in the sediment

Impact of (discontinuous) meromixis on the internal P cycle 

Oxygen depletion (anoxic P mobilisation) 

Trap effect of monimolimnion

Consequences for the lake management
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Sampling campaigns
2016: April, October
2017: April, July, October
2018: April, October

B4

B5

B6

B7

Three main sampling points
B1, B2 and B3 

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



Methods

P pool in different water bodies 

P release from sediments 

P sedimentation
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Lau et al. (in prep)

4 Mobile P in sediments 

5 Redox controlled P mobility 

6 P diagenesis and P retention  
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Balance 

110 t yr-1*25 t yr-1

85 t yr-1

Input

Loss by sedimentation:

4.5 mg P m-2 d-1

*Nizzoli et al. (in prep)

Output

Meromixis increases the trap function of the lake due to lower P output 
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2016

Relative distribution of P in the  water  

2006

Epi

Hypo

Mo

Epi

Hypo

14 %

45 % 

41 %

Meromixis changes the P distribution in the lake water and reduces P in the 
euphotic zone
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Long term P devolopment 

Rogora et al. (2018): Climatic 
effects on vertical mixing and 
deep-water Oxygen content in 
the subalpin lakes in Italy. 
Hydrobiologia  

Meromixis increases average P in the water body due to P accumulation in 
the deep water 
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redrawn from Rogora et al. (2018)



Long term P devolopment 

Rogora et al. (2018): Climatic 
effects on vertical mixing and 
deep-water Oxygen content in 
the subalpin lakes in Italy. 
Hydrobiologia  
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mixing

0-15 m

15-256 m

Meromixis increases average P in the water body due to P accumulation in 
the deep water 

redrawn from Rogora et al. (2018)
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PLake= 483 t

329 t

15 t

133 t

110 t yr-1

Potentially mobile P:

41.2 t
Redox controlled P: 

30.2 t

24 t yr-1

Pools

Fluxes

P pools in the lake

Sedimentary P pools are of low importances compared to the pools in the water 
and the P input 

IGB data 2016

28 t yr-1
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April 2016

B1 WT: 250m

B2 WT: 100m

B3 WT: 150m

Determination of P release (I)

SRP gradients between sediment and water 

Phosphorus release rates ranged between 1.26 and 3.02 mg P m-2 d-1
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Mean value 2.1 mg P m-2 d-1



Determination of P release (II)

Hypolimnetic/monomolimnetic P accumulation 

y = 3.7396x - 7439.4
R² = 0.7378
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Data from Rogora et al. (2018)

263 t P increase in the depth 15-256 m 

2006-2016

P increase is mainly taken place below 100  m 

= 26,3 t per year 

P release rates determined by using the SRP gradients are realistic.  

TP is mainly SRP in deeper layers
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Phosphorus diagenesis

P release takes place mainly at the sediment surface
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Porewater profiles 
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P content mg g dw-1

Settling seston

Sediment 
Surface 
(0-1 cm)
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below surface
(1-5 cm)

1.06

0.73

0

200

400

0

200

400

0-1 cm 

1-5 cm 

Ca-P
Fe~P

Org. P

P
 i
n

 µ
g
P

g
d

w
-1

P
 in

 µ
gP

gd
w

-1

Phosphorus diagenesis
Particulate P

P release takes place mainly at the sediment surface
Most of settled P is released to the water
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P sedimentation vs. P release

20 m
Traps

4.47 mg P m-2 d-1

Input-Output
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Different P sedimentation (and P burial) along the N-S transect 
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2.01 mg P m-2 d-1
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P sedimentation vs. P release

20 m

4.47 mg P m-2 d-1

Traps

Input-Output

Input
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P sedimentation rates measured by trap is similar to P release rate.
No P burial in the sediment?     

P release 2.11 mg P m-2 d-1



P retention (burial)  in the sediment 

Rapuc et al. (2019) 

265 g m-2 yr-1

375 g m-2 yr-1

Trap material (80 m)



P retention (burial)  in the sediment 

Sediment B2
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Trap rate: 375 g m-2 yr-1

5 cm = 7.2 years 

Permanent P (in 5 cm): 1509 mg P m-2

TP [µg P g dw-1)

Burial P :  209 mg P m-2 = 0.57 mg P m-2 d-1

27% of settled P is buried in the sediment (B2)

Monimolimnion is of higher importance as P sink than the sediments  

P release = P sedimentation - burial P

1.44 =           2.01 - 0.57



Short summary

Meromixis increases the total P in the lake

Oxic/anoxic conditions are of low importance for P release

Low P pool in the sediment
Fast P release after sedimentation

Discontinuous circulation leads to pulsative nutrient supply
P in monimolimnion is a „time bomb“

Monimolimnion is a more important P sink than sediment. 



Management options (I)

Aeration/oxygenation
Low impact on P in the lake

Inrease of oxic habitat

Costs: very high 

Deep water withdrawal
Strong impact on P in the lake
by increasing P output

Preventive measure 

Costs: moderate



Monimolimnetic P precipitation Strong impact on P in the lake
by chemical P inactivation

Preventive measure 

Costs: very high 

Artifical circulation/destratfication Support of natural circulation

Oxygen supply 

Increase P output

Costs: very high 

Higher P in the euphotic zone

Management options (II)



Large scale ecological engineering (Geo-Engineering)

Baltic Sea

373.000 km2

50.000 km2 of the deep bottoms 
are now anoxic 

Stable stratification due to 
sea salt

Irregular salt water inflows 

Accumulation of P in the deep 
water



Large scale ecological engineering (Geo-Engineering)

I would like to warn against such interventions!
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Thank you very much !


