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Organic substances vs organic matter



Distribution of electrons within shells

• neon: 1s22s2p3x2  (   Ne)
• Within shells electrons are distributed on 

orbitals (max. 2 electrons on one orbital)

20
10

1                 2                   3                  4      5                  6



MetanMetan-- CH4, CH4, thethe resultresult ofof thethe sp3 sp3 hhybridizationybridization

6 C
carbon

12

H
..

H : C : H           
..
H 

1s2 2s2 p2

sp3 hybridization

1H�1s1

sp3



The wide world of organic substances
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Biopolimery

/ białka, kw.nukleinowe, polisacharydy, lipidy

��

Bio- polimers vs geo-polimers

Nodularia spumigena

Chlorella vulgaris

6CO2 + 6H2O ����

C6H12O6 + 6O2����



Kw.humusowe, bitumy, w�gle

Biopolimery
/ białka, kw.nukleinowe, 

polisacharydy, lipidy

/Geopolimery

� �

Bio- polimers vs geo-polimers

biochemical degradation

CO2,PO43-, NH4+
C6H12O6 + O2 � 6CO2 + H2O + EE +



Measures of organic matter



Individual
& classes

detrytus

Organic matter in sea-water

Water sample
Filtration-0,45 µµµµm

Dissolved Suspanded

organizmycollective

aminoacids

fats

serine

methan

bakterie

algae

(ChZT, RWO)

kwasy humusowe

ekstrakt eter
BOD

Coloured DOM
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PROBLEM���� all compounds vs thousends of individual organic compounds

Organic matter
(all OM,  fraction )

Individual
organic compounds

� MO (ChZT, OC)
� HS
� BOD5

� colour intensity
� mutagenic

� BaP
� schizokinen
� glucose
� propanol
� nodularyna

� carbohydrates
� hydrocarbons
� PAH, PCBs

mg Corg/dm3

mg O2/dm3

m-1

fluor.units/dm3

mol/dm3

ng/dm3



Measures of particulate organic
matter

• POC(POM)
• POM = 2.12 (+/- 0.08) POC
====================
• BOD           ���� LDOM (mgO2/dm3)
• Nitrogen ���� mg/mg (%)
• HS content���� mg/mg



Persistant organic pollutants- POP’s

Naftalen

Benzo(b)fluoranten

Benzo(k)fluoranten

Benzo(a)piren
Dibenzo(a,h)antracen

 

Insecticides
•aldrine
•deldrine

 

PAHs
•Toxic
•Bio-accumulated/magnified
•Trace concentrations (ng-µg/l)



Dissolved vs Particulate OM- sizes



Zało�enie:
0.1 ug/dm3 – 10-9 mol/dm3

liczba cz. w przestrzeni o promieniu 0.01um ?
10-6

czyli w przestrzeni o promieniu 0,1 um b�dzie ich.. 1

o

1 µm

0.1 µm

0.01µm

.

0.01µm

0.0001µm
Mw=1000D

0.1 µm

10 x

. x105



M.cz. ok. 1500Da

M.cz. ok. 4000Da

M.cz. ok.300Da

CH4

M.cz. 16D (12 +4x1=16)



Molecular weight distribution
Narrangaset Bay (Darret,1998)

Chemical structure

m.cz ok. 600Da

Stourmer, 1975

Baltic O.C.>10kD – 2%
Brown(~ 1975)



Panel A 
shows the potential interactions between organic
molecules and surfaces.

Panel B 
is a conceptual diagram of the organic-mineral onion
in which organic matter is protected within a mineral
sheath, largely composed of clay minerals, 
especially the expandable clays. 

Panel C 
shows a ESEM image of one such organo-clay onion
isolated from the Mexican Margin. The aggregate has
a density between 1.05 – 1.2 g cm-3 and is roughly
45% organic matter by weight. The size of the cluster
is ~50 x 100 microns.





Role OM plays in marine environment

• Produkcja pierwotna
• Marker
• Reg.N/P
• St��. O2
• Pozywienie
• Pole �wiatła, mnutrienty
• Kompl.subst toksycznych





Sources of OM in marine environment

• Primary productivity/ biota
• River run-off
• Precipitation
• Sediments



Fate of organic matter in the sea



CO2 +   H2O                CH2O   +   O2

CO2 +   H2O                CH2O   +   O2

hνννν
N,P

CO2
O2

Deposition
to sediments

Assimilation

Mineralization

bacteria

Factors controlling oxygen concentration

1. CO2 assimilation/OM mineralization

2. Oxygen saturation disequilibria
•Temperature oscilations
•Supersaturation

O2conc.

O2

0m

Depth
z
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Oxygen concentrations – coastal (Pastuszak,2007)

•surface(0-2m) vs bottom (2-0.5m above bottom)

P1
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6.6b   Middle coast
August, 2006



Oxygen concentrations – offshore (Pastuszak,2007)
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Gł�bia Gda�ska - P1
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Fluffy Layer Suspanded Matter
-FLSM

Sediment/Water interface
-2-3 cm thick layer

Concentr.- 1-4mg/ml

Resuspension- 4-5cm/s/



CO2 +   H2O              CH2O   +   O2

hv
N,P

Sedimentation Diffusion
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CO2 O2
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Hartnett, H.E., Keil, R.G., Hedges, J.I. and Devol, A.H., 1998. 
Influence on oxygen exposure time on organic
carbon preservation in continental margin sediments. 
Nature, 391: 372-374 

Organic matter/carbon burial rates

In the Baltic sediments
•T1/2 ~ 5-8years
• Burial efficiency ?

10-30%



Organic matter in the carbon cycle



Fitoplankton

Primary Production

zooplankton

Fish

µµµµ-zooplankton

BacteriaPOM
detritus

DOM NH3;  PO4; CO2

POM and DOM cycling
biomass

POM, Bacteria, Zoo

Sedimentary
organic matter

Bacteria

CO2; hν
P,N,Si
µ-nutrients



Keeling’s Curve, Mauna Loa, Hawaii World Data Centre fo Greenhouse Gases, Japan

Bradley 2003 after Mann et al. 1999

Global warming



Oceans CO2 uptake, Sabine et al. 2004

Marginal seas in the global carbon cycle

Biophysical pump, PLANKTOS

Role of the marginal seas in the global CO2 uptake ???

• mariginal- 0,4 Pg C year -1 (Thomas et al., 2004) ;                              
1,0 Pg C year-1 (Tsunogai et al., 1999) 

• global- 2,0 Pg C year-1 (Cai et al., 2003) 



Baltic Sea carbon cycle

Carbon fluxes in the Baltic Sea,

Pempkowiak 1977; Peltonen 2002; Thomas & Schnider,2000

Thomas et al. 2003a; Thomas et al. 2003b; Smailys 2005; 

HELCOM 2004, 2006; SMHI 2003

9

9. Primary production/mineralization



Concentration of OM
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2010 - euphotic layer - Gda�sk Deep
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2050 - euphotic layer - Gda�sk Deep
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 euphotic layer - Bornholm Deep
(average values over the 1965-1998 period)
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OM burial rates in sediments



Primary
production

38,85

River
run-off
4,72

North sea-
in

1,6

Rain
0,17

- Mineralization
36,41

Sedimentation
5.77

North sea--
out
4,06

Extraction
0.19

��	
�� 
��

98,45  mln ton

�������������������������������������������������������� �������� 
��
��
��
�� ��	
����	
����	
����	
�� ���� ����	�����	�����	�����	� �	�����	�����	�����	���� (106 ton/year)
�
������
������
������
��������������
����
����
����
��� (106 ton/year)

= NET PP
2.44

Baltic carbon budget

sinks

sources



Refractory Corg

Labile Corg

Refractory Corg
from eutrophication?

Fresh o.m. production impact on sedimentary organic carbon
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Methods of the carbon return flux estimation

from the bottom sediments:

1. DIC and DOC concentrations gradient in the pore
waters

2. „Time Capsule” (I and II)

3. Dissolved carbon concentration increase in the deep
water layer (Bernd Schneider)

4. Isotopic composition of the organic matter in the
sediments

5. Thermogravimetry (TG-IR)



Budget (106ton)
PROCESES

Sediment./Diff. FS           - ( 1.88) 3.89 0.10

Dischar./extr. FD 0.21 0.02      0.41 0.00

Run-off FR 3.12 9.44      - -

Prec./aeros FP 0.17 0.02      0.01 -

Water exch. FW 1.62 10.62      4.10 18.45

Total ΣF     5.12 20.10     10.79 18.55

25.22                28.84     

PROCESS F
Flux

Fi Fo
o oi i

Fg = ΣΣΣΣF
= - 3.62×106 t/a
= 9.43 g/m2a

Estimated yearly carbon fluxes in the Baltic Sea,
Pempkowiak 1976; Peltonen 2002; Thomas et al. 2003a; Thomas et al. 2003b; Smailys 2005; HELCOM 2004, 2006; SMHI 2003)

8.41

26.96
1.74

4.51

5.77

CONCLUSIONS Amount returning to seawater as a consequence of
organic matter decompositoion



Baltic_C



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





WP4 Most pressing deliverables

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 Kuli�ski will talk about remineralization rates
Aleksandra Szczepa�ska will show results of ‘data mining’

D.15 �Sediment cores collected (Aranda, Oceania), Anna Maciejewska
D.16 �Bernd Schneider (?)



Data mining 1985-1995

„Aranda” January’s cruise
„Oceania” April’scruise



O2
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MnO2

Fe(OH)
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O2
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O2

OM
O2

OM

Puck Bay

Puck 
Lagoon

Oxidation-reduction potential in surface sediments (Pempkowiak,1995)





Organic matter in the high CO2

world

• sea-water acidification
• increased supply of CO2 to algae


