
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

Presenter
Presentation Notes
Good morning. The title of my presentation is „Mineralization rates of organic carbon in the Baltic Sea sediments”. I would like to describe methods we use in the Institute of Oceanology in Sopot to quantify mineralization rates of organic matter in the Baltic bottom sediments.



Introduction
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Presentation Notes
Here we can see the well known schematic of major carbon fluxes in the Baltic Sea: exchange between the Baltic Sea and the North Sea, CO2  (carbon dioxide)  air-sea flux, river run-off,  mixing flux. Athough not indicated in the schematic deposition to sediments is one of major carbon sinks in the Baltic as is return flux of carbon from sediemnts to sea water. In this presentation I would like to concentrate on the return flux of carbon from the bottom sediments. We know that carbon is deposited in the sediments and we know that part of it returns to water but quantification of this return flux is not easy and requires that major effort is taken. Determinantion of this return flux is important to close the carbon budget in the Baltic. 



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
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Presentation Notes
To determinate the carbon reflux from the bottom sediments we use two methods : 1) profiles of DIC and DOC concentrations in the pore waters and 2) experiment which is called the „Time Capsule”. All experiments were carried out on sediment cores collected from stations indicated on the map. Rhombus indicate cores used for DOC/DIC profiling; the square indicates station where the core for „Time Capsule” experiment was collected. I will talk about DIC and DOC profiles in just a while. The „Time capsule” experiment is based on observation of carbon concentration change on sediment storage. From the station P1 we collected a core during the Oceania cruise in May 2008. This was subdivided into 4 subcores  using PVC tubes. Immediately after collection we removed the air with Argon.. The first core was sliced into 1 cm thick layers and several parametres were measured in it (OC, Ntot, Ptot, 137Cs, 210Pb) .The other cores were stored in the temperature 19° C to speed up minrealization process.  The other cores were analyzed after 140, 260 and 370 days. The analysis were always the same as in the case of core1. 



„Time Capsule” 
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Presentation Notes
Here we can see results for „Time Capsule”  experiment. X-axis shows concentration of carbon, Y-axis is time derived from 210Pb profiles. The curves show organic carbon profiles in the stored cores after O (blue curves show this), 140 (yellow curves), 260 (red curve) and 370 days of storage (green curve). The right-hand diagram shows mineralization rates during the various stages of incubation core.




„Time Capsule”
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The slide shows the relationship between organic carbon in the „time capsule” core and time of storage at 19 degrees  (celsius). In the surface sediments substantial decrease at the beginning and constant values at the end of storage are observed. The decrease is caused by mineralization of labile, fresh organic matter. There is no labile organic matter in the subsurface layers of the core.




Profiles of DOC and DIC concentration in the pore waters 
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Now I will get back to the other method of mineralization rates evaluation. To profiles of DOC and DIC in sediments. The profiles in this slide represent situation in the Arcona Basin,…..
The dependence between DIC and DOC concentration  can be aproximated with linear equation presented in the slide. Using Fick’s law it was converted into flux of inorganic and organic carbon from sediments to water.




DOC and DIC return flux from the pore waters

Area of 
depossition

Area [km2]

Specific carbon 
return flux 
from the 

sediments       
[g C m-2 year-1]

C
fr

arbon return flux 
om the sediments 

[Tg year-1]

DIC DOC DIC DOC Sum

Arcona Basin 3200a 9,7 0,5 0,031 0,002 0,033

Bornholm Deep 13170a 18,0 0,9 0,237 0,012 0,249

Gdansk Deep 12150a 18,1 1,0 0,220 0,012 0,232

Gotland Deep 28240a,b 8,6 0,9 0,243 0,025 0,268

Gulf of  Riga 890a 8,6 0,9 0,008 0,001 0,009

Gulf of Finland 940a 8,6 0,9 0,008 0,001 0,009

Gulf of Bothnia 42440c 7,0 1,0 0,297 0,042 0,339

Sum 101030 - - 1,044 0,095 1,139

a Błaszczyszyn, 1982
b Emeis et al., 2000
c Algesten et al., 2006
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In this slide a table is presented.  Ivestigated parts of the Baltic Sea in the first column. In the second column we have areas of the investigated parts in squer kilometres. The next column shows specific diffusion rates of organic and inorganic carbon from sediments to water. And finally in the last column there is the total flux of carbon from sediments to water. 



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
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To summarize: Using DOC and DIC method we’ve got results from 7 stations. In the „Time Capsule” we have got results only from the Gdansk Deep.  There are large differences in the values of specific return flux among areas investigated. For example it is 19,1 in the Gdansk Deep and 8,0 in the Gulf of Bothnia. The differences between the „Time Capsule” experiment and carbon profiles are attributed to temperature factor. 
It is obvious that return flux is an important part of the carbon budget of the Baltic Sea and we can’t skip it. 
I would like to add that most of data included in this presentation originate from Karol Kuliński PhD thesis. 
My plans are to increase the number of cores to lower uncertainty of the estimation.



Thank you
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