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Outline 

• Budget 

• Sediments 

• Acronim 



f- material flow (water,sediment….) 

 

cz- concentration of component z in material  

 

 

f x cz = Fz 

     Fz- material flux of component z   

S Fluxes = Budget 
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 North Sea-              River                 CO2        Sediments 

      -in                    run-off            absorption    Diffusion 

  10.62                   9.44                   2.74 ?         1.88? 

       North Sea-  

          -out             Sedimentation         Net PP 

         18.45                    0.10                   4.62 

Baltic Sea 

379.39  mln  ton 

Inorganic carbon in the Baltic -         yearly fluxes (106 ton/year)  

                                                           standing stock(106 ton) 



Budget – is it good for anything? 

 

•Standing stock 

•Residence time 
 Corg ~10years 

 Cinorg ~40yers 

•Major sinks/sources 

•Sensitivity to changes  



Sediments 

 
-serve as sink of carbon (Co- organic) 

 

-the sink term is poorly quantified 

 

-rough estimates indicate that sediments 

1. receive ~50% of organic carbon leaving the Baltic  

2. (~20% of tot carbon) 

 

-sediments are likely to be  

1. a source of ~8% inorg carbon to the Baltic  

2. (~6% of total carbon) 



Establishing return flux of carbon from the Baltic  

bottom sediments to sea-water. 

 

 
Janusz Pempkowiak   

 

Marine Chemistry Dep., Institute of Oceanology PAS, 

PO Box 197, Sopot, Poland 

 

Outline 

-why carbon? 

-problem 

-methods propsed 

 

Geteborg, kick off 
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Figure 1. Basic problem addressed in Baltic-C (a), and 

programme structure (b). 

Letter of Intent- Baltic-C: Building predictive capability regarding the Baltic Sea organic/inorganic carbon and oxygen systems; Anders 
Omstedt, Göteborg University, Sweden 

WP4. Mineralization of organic material, deepwater−sediment interaction 
         a)Quantification of carbon species fluxes through sediment-water interface  
         b)C org mineralization in deep water and sediments. Process parametrization and 
             model validation 
(Janusz Pempkowiak, Institute of Oceanology Polish Academy of Sciences, Poland) 



Mineralization rates of organic carbon in the Baltic    

Sea  sediments 

 

Karol Kuliński, Aleksandra Szczepańska, Anna Maciejewska,  

Janusz Pempkowiak 

Institute of Oceanology Polish Academy of Sciences, Sopot, Poland 

Baltic_C Meeting; Warnemunde, 2010 



Methods of the carbon return flux estimation from the 

bottom sediments 

 

1. DIC and DOC concentration in the pore waters 

 

2. „Time Capsule” 

Incubation condition: 
•19°C ± 1 
•darkness  

•Ar atmosphere  



Profiles of DOC and DIC concentration in the pore waters  
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Summary 

 
 

Area of depossition 

Carbon return flux from 
the sediments      [g C m-2 

year-1] 

Return flux 
% of 

deposition 

Labile  
carbon 

[%] 

DIC and DOC 
profiles 

„Time 
Capsule” 

DOC/DIC 
profiles 

„Time 
Capsule” 

Arcona Basin 10,2   51,0 

Bornholm Deep 18,9 - 32,0 

Gdansk Deep 19,1 35,5 32,0 19,9 

Gotland Deep 9,5 - 25,0 

Gulf of  Riga 9,5 - 25,0 

Gulf of Finland 9,5 - 25,0 

Gulf of Bothnia 8,0 - 33,0 



Baltic Sea 
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Sediments 
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Values are in Tg (1012 g) C yr-1 

River run-off 

IC:  62% 

OC: 38% 

Import from the 

North Sea 

IC:  95% 

OC:   5% 

Export to the 

North Sea 

IC:  83% 

OC: 17% 

Return flux from the 

sediments 

IC:  91% 

OC:   9% 

The carbon budget of the Baltic Sea 



Baltic_C bussiness 

                          WP 4: 
  
 
Organic matter in the Baltic sediments 
•deposition rates 
•remineralization rates  
•burial rates 
 
  

Quantification of carbon species fluxes through  
sediment-water interface. 463136 

Baltic-C: Building predictive capability regarding the Baltic Sea  
               organic/inorganic carbon and oxygen systems 
 

Baltic_C Meeting; Lund, 2010 



 

 

Methods of the carbon return flux estimation from the 

bottom sediments/3 

 

Incubation 

 
v = dC/dt = k C0 

 
v –decomposition rate [mg C g-1 d.m. day-1] 
dC/dt – carbon concentartion gradient[mg C g-1 
d.m. day-1] 
k –decomposition constant [day-1] 
C0 – concentartion in „time 0”[mg C g-1 d.m.] 

• Determination of the labile carbon fraction in the surface sediments    



Conclusions 

Source Number of 
samples 

Average 
deposition  
[g C m-2 yr-1] 

Average return 
flux  
[g C m-2 yr-1] 

Return flux  
% of deposition 
 

Karol Kulioski 8 muddy 
sediment cores 

40 12 30% 

Aleksandra 
Szczepaoska 

7 muddy 
sediment cores 

38 10 26% 

~30 sandy 
sediments  
(in progress) 

- - Estimated 45% 

Sandy sediments as a source of carbon  less than 4% of fluxes from muddy sediments 

No burial  just temporary deposition/storage 



Deliverables 



WP4 Most pressing deliverables_ Uppsala 2009 
 
D.14 Calculate remineralization rates of organic matter basing on existing data  M 6 
D.15 New stratified sediment samples collected                            M12 
D.16 Mineralization rates at the sediment water interface and in the deep water  M12 
D.17 Mineralization rates for different environmental conditions   M18 

D.14 Karol Kulioski will talk about remineralization rates 
             Aleksandra Szczepaoska will show results of ‘data mining’ 
D.15 Sediment cores collected (Aranda, Oceania), Anna Maciejewska 
D.16 Bernd Schneider (?) 
 



WP4 Most pressing deliverables_Lund 2010 
 
D.18 Collected cores analysed      M18 
D.19 Mineralization rates established for a range of environmental conditions  M18 
D.20 Deposition loads and return flux     M24 
D.21 Carbon burial rates established                             M30 
 

D.21 Karol Kulioski will talk about burial rates (dep.-6.9%, burial-4.7% ;of PP) 
D.18 Aleksandra Szczepaoska has doubled no of analysed cores 
D.20 Calculated for the newly analysed cores; in progress for surface sediments 
D.19 In progress 
 





 
 
D23 
Report concerning mechanism of carbon flux to the Baltic sediments                 M36 
 
 
 
D.16  
Mineralization rates at the sediment water interface and in the deep water M12 
(B.Schneider) 
 
D.22  
Report concerning mechanism of carbon flux to the Baltic sediments M36 
(B.Schneider) 



DIC and DOC fluxes to the Baltic Sea  
-originating from the Submarine Groundwater 

Discharge (SGD). 
 

Beata Szymczycha,  
Anna Maciejewska, Karol Kulioski, Janusz Pempkowiak 

The Institute of Oceanology of the Polish Academy of Sciences 

 

Extrapolation based on the Bay of Puck study. 
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The quantitative carbon circulation for 
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POC and DOC DYNAMICS in the 

southern Baltic Sea – model and 

experimental approach. 

Anna Maciejewska 

Lidia Dzierzbicka-Głowacka, Karol Kuliński, Aleksandra Szczepańska,  

Janusz Pempkowiak 

 Institute of Oceanology, Polish Academy of Sciences, Sopot, Poland 

Contents: 
-POC/DOC introduction 
-POC/DOC model 
-POC/DOC model verification 
 



Extentive measurments for model 
validation 

  POC [mgC/l] DOC [mgC/l] DIC [mgC/l] 

Deep/Month  Gdansk  Gotland  Bornholm  Gdansk  Gotland  Bornholm  Gdansk  Gotland  Bornholm  

January   
surface - 0,15 

w. column - 0,09 
    

surface - 3,22 

w. column - 2,78 
    

surface - 3,22 

w. column - 2,78 
  

February       surface - 3,93           

March 
surface - 0,28 

w. column - 0,15 

surface - 0,17 

w. column - 0,13 
  

surface - 3,38 

w. column - 3,59 

surface - 3,47 

w. column - 3,08 
  

surface - 19,38 

w. column - 19,79 

surface - 18,82 

w. column - 19,91 
  

April 
surface - 1,27 

w. column - 0,52 

surface - 1,23 

w. column - 0,56 

surface - 0,71 

w. column - 0,41 

surface - 4,46 

w. column - 4,14 

surface - 3,43 

w. column - 3,35 

surface - 3,88 

w. column - 3,87 

surface - 19,57 

w. column - 20,06 

surface - 18,82 

w. column - 20,01 

surface - 18,77 

w. column - 19,12 

May surface - 1,17     surface - 5,35           

June /  
surface - 0,88 

w. column - 0,41 

surface - 0,72 

w. column - 0,38 

surface - 0,54 

w. column - 0,29 

surface - 4,98 

w. column - 4,21 

surface - 3,87 

w. column - 3,52 

surface - 4,01 

w. column - 3,56 

surface - 19,32 

w. column - 18,35 

surface - 17,56 

w. column - 18,59 

surface - 17,58 

w. column - 18,56 
July 

August                   

September surface - 0,30     surface - 4,00           

October 
surface - 0,22 

w. column - 0,15 

surface - 0,34 

w. column - 0,21 

surface - 0,17 

w. column - 0,14 

surface - 3,89 

w. column - 3,72 

surface - 3,34 

w. column - 3,21 

surface - 3,65 

w. column - 3,59 

surface - 20,78 

w. column - 21,77 

surface - 21,39 

w. column - 22,67 
  

November                   

December                   
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Quantification of factors influencing DOC distribution 



Message (es) 

• Sediments - important sink/source of carbon 

• Burial  = deposition 

 

• Deliverables (10 = 8 +2) 

• Papers (2- published; 6- submitted) 


