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Outline:

I. Carbon - the chemical element conditioning climate
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Solar radiation powers
the climate system. SUN

Some solar radiation
is reflected by

the Earth and the
atmosphere.
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About half the solar radiation
is absorbed by the

Earth’s surface and warms it. !nfraer radiation
is emitted from the

Earth's surface.

Source: WHO Library Cataloguing-in-Publication Data, 2015




Source: NASA, Climate Kids



Radiative forcing in 2011 relative to 1750
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Contributions to observed surface temperature change over the period 1951-2010
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Radiative forcing of climate between 1750 and 2011

Forcing agent

Source: IPCC, 2014
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Greenhouse effect and greenhouse gases —
good or bad?




Without greenhouse effect, the Earth would be
extremely cold.
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WATER VAPOR CARBON DIOXIDE
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Water vapor blocks heat from

escaping, so it gets warmer. That

(] CO2 is released when burning Cloee i a X
makes even more water evaporate. ose to the ground, ozone acts as

fossil fuels like coal and oil. It’s :
Once this process happens, it can ° o o o o a greenhouse gas and can be

the most important contributor to formed by burning gas in cars and
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https://climatekids.nasa.gov/time-machine/

Source: NASA, Climate Kids


https://climatekids.nasa.gov/time-machine/

Source: IPCC, 2014

Globally averaged greenhouse gas concentrations
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Source: NOAA
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https://www.youtube.com/watch?v=x1SgmFa0r04

https://www.youtube.com/watch?v=SHzRBMBVu-4

Source: NASA
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Cumulative total anthropogenic CO, emissions from 1870 (GtCO,)
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Outline:

Il. Role of marine environment in the carbon cycle
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Ca2* + 2HCO, — CaCO;} + H,0 + CO,

CH,O +0, —»CO,}+ H,0

CaCO, + H,0 + CO, — Ca?* + 2HCO,

-

Source: www.learner.org



PH, A,

CO,,, = H'+HCO, — 2H'+CO,*

Source: K. Koziorowska
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Oceans absorb globally 1,6+0,9 Pg C yr!
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Source: Feely et al., 2004
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Table 1. Air-Water CO, Fluxes per Surface Area and Scaled Globally for Four Estuarine Types®

Surface Area Air-Water CO, Flux Air-Water CO, Flux
(10° km?) (molC m 2 yr 1) (PgC yr )
Small deltas and estuaries (Type 1) 0.084 257+ 158 0.026 = 0.016
Tidal systems and embayments (Type II) 0.276 28.5+249 0.094 + 0.082
Lagoons (Type TIT) 0.252 17.3 + 16.6 0.052 + 0.050
Fjords and fjirds (Type IV) 0.456 17.5 + 14.0° 0.096 + 0.077
Total 1.067 21.0 £ 17.6 0.268 + (0.225

Table 2. Air-Water CO, Fluxes per Surface Area and Scaled
Globally for Different Types of Continental Shelves Along Three
Climatic Zones®

Surface Air-Water Air-Water
Area CO, Flux CO; Flux
(10° km?)  (molC m 2 yr ') (PgC yr ')
Polar (>60°)
Enclosed 0.189 -0.8 £ 1.1 —-0.002 + 0.003
Open Shelf 5.477 33+ 1.7 -0.216 £ 0.111
Upwelling Pacific 0.086 32+£24 0.003 + 0.002
Sub-total 5.752 -3.1 £ 1.7 -0.214 £ 0.116
Temperate (30°-60°)
Enclosed 1.410 -08+1.1 -0.014 +0.019
Open Shelf 7.170 -1.0+ 1.0 —0.086 + 0.087
Upwelling Pacific 0.293 32+24 0.011 + 0.008
Upwelling Atlantic 0.086 —-1.6 + 1.0 —0.002 + 0.001
Upwelling Indian 0.123 09 +1.2° 0.001 £ 0.002
Sub-total 9.082 0.8 + 1.1 —0.090 = 0.117
Tropical (0-30°)
Enclosed 0.231 -0.8 £ 1.1 —0.002 + 0.003
Open Shelf 7.909 09+1.0 0.083 + 0.097
Upwelling Pacific 0.515 3.2+24 0.020 £+ 0.015
Upwelling Atlantic 0.715 -1.6 £ 1.0 —0.014 + 0.009
Upwelling Indian 0.520 09+ 12° 0.006 + 0.008
Sub-total 9.890 0.8 £ 1.1 0.093 + 0.131
Total 24.724 -07+12 —0.211 £ 0.364

Source: Laruelle et al., 2010




Coastal -0.05PgCy!l Open -157PgCy!  Global -1.62PgCy!
Coastal +0.18 Pg Cy! Coastal -0.13 Pg Cy! Coastal -0.10 Pg C y!
Open +0.71PgCy! Open -2.06PgCy Open -0.22PgCy!
Global +0.89 Pg Cy! Global -2.19 Pg Cy! Global -0.32PgCy!

Source:

Borges & Delille




Outline:

I11. Marine CO, system and ocean acidification
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Seawater acid-base system

Measurable parameters:
o C;-total CO, concentration (DIC)
C; = [CO,J*+ [HCO4] + [CO47]

o A, —total alkalinity
A;=[HCO;] + 2[CO4%] + [B(OH), ] + [OH] + ... - [H*] - ...

o pCO, - CO, partial pressure

o0 pH —spectrophotometric measurement with m-cresol purple, total scale
pHy =—log ([H']¢ + [HSO,]) =~ log [H'];

It is possible to calculate 2 parameters when the following is known:
O other 2 parameters

o0 temperature & salinity

0 equilibrium constants for each of the acid dissociation reactions

o total concentrations for each non-CO, substances

The pair used in the calculations:
0 C; & A;—recommended, used in biogeochemical modelling




CO, system
K K K
CO, + H,0 <> H,CO; <> HCO, + H* <*>CO0,> + 2H*

_ [H2CO3]
pCO2

o = [H1[HCO5 ]
[H2CO3]

_[H'[CcOg ]

ko

[HCO3 ]

Source: www.whoi.edu

CO,* = CO, + H,CO,



Concentration of CO,” as a functionof Sand T
Mmol/kg

30

25
g
& &
©
w
15 20
10 —
15

10 15 20
temperature [° C ]

Source: B. Schneider



1.2E-06

1.0C-0G

8.0E-07

6.0E-07

ky [ mol/kg)

4.0E-07

2. 0E-07

0.0E+00
0.0 5.0

Source: B. Schneider

10.0 15.0 20.0 300

temperature

250

6.0E-10

5.0E-10

« 4 0E-10

3 .0€-10

ks [ mel/kg]

2.0E-10

1.0E-10

0.0E+00

35.0

0.0

3.0

10,0

15.0 20.0

temperature

£5.0

30.0

35.0



Buffer reaction

(. = [H1[HCOg ]
[COZ"]

_[H"][cog ]

K9 -
[HCO3 ]

kl_ [HCO§]2
ka  [COz][COS ]
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Temperature

BATS - Bermuda Atlantic Time-series Study

Source: Bates et al., 2012
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CO, Time Series in the North Pacific
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Source: SMHI

Outline:

V.

Carbon — the chemical element conditioning climate
Role of marine environment in the carbon cycle
Marine CO, system and ocean acidification
Peculiarities of the Baltic Sea
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8O0 - Eastern Gotland Basin
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-3.0+4.889gC m2yrt
Source: Kulinski & Pempkowiak, 2011



Seawater acid-base system

Measurable parameters:
o C;-total CO, concentration (DIC)
C; = [CO,J*+ [HCO4] + [CO47]

o A, —total alkalinity
A;=[HCO;] + 2[CO4%] + [B(OH), ] + [OH] + ... - [H*] - ...

o pCO, - CO, partial pressure

o0 pH —spectrophotometric measurement with m-cresol purple, total scale
pHy =—log ([H']¢ + [HSO,]) =~ log [H'];

It is possible to calculate 2 parameters when the following is known:
O other 2 parameters

o0 temperature & salinity

0 equilibrium constants for each of the acid dissociation reactions

o total concentrations for each non-CO, substances

The pair used in the calculations:
0 C; & A;—recommended, used in biogeochemical modelling




Total alkalinity

The total alkalinity of seawater is defined as the excess of proton acceptors (bases
formed from weak acids with a dissociation constant K<10-° at 25°C) over proton

donors (acids with K>10-°) and expressed as a hydrogen ion equivalent in one
kilogram of sample (Dickson, 1981):

A =[HCO;] + 2[CO,>] + [B(OH), ] + [OH] + [HPO,*]
+ 2[PO,*] + [SIO(OH)5] + [NH;] + [HS] + ... + minor bases

— [H*]yoiny — [HSO,] = [HF] = [H3PO,] - ...- minor acids

| HCl
%:]:Iﬁ]@%-i

ﬂ/ seawater




n Legend
Values are in Mt (1012 g) C yrt
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Source: Kulinski et al., 2011



Functional groups in DOM

Exchange
Group Structure H?
|
Alcohol —CI'.—D—H Yes
Phenal @—O—H Yes
I
Ether ——0—(—
I
B
Aldehyde _(I:_ " H No
L0
Keto
o —C—C—C—
| |
L0
Carboxyl _ {lj_ C—O—H Yes
I 'IZI) |
Ester - (I:_ C—0O— CI:_
. |
Amine —(—N Yes
|
Amide _(I:_ H_N:: Yes

hypothetical structure of humic-like substances



Total alkalinity

The total alkalinity of seawater is defined as the excess of proton acceptors (bases
formed from weak acids with a dissociation constant K<10-4° at 25°C) over proton

donors (acids with K>10-4°) and expressed as a hydrogen ion equivalent in one
kilogram of sample (Dickson, 1981):

A = [HCO;] + 2[CO,>] + [B(OH), ] + [OH] + [HPO,*]
+ 2[PO,*] + [SIO(OH),] + [NH;] + [HS] + ... + Organics

o [H+]Wolny o [HSO4] o [HF] o [H3PO4] T

T AinorganicJ”A‘Ofg

| HCl
G-Ejj:@@%-é

ﬂ( seawater




f=0.12

Source: Hammer et al., 2014
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Total alkalinity

The total alkalinity of seawater is defined as the excess of proton acceptors (bases
formed from weak acids with a dissociation constant K<10-4° at 25°C) over proton
donors (acids with K>10-°) and expressed as a hydrogen ion equivalent in one
kilogram of sample (Dickson, 1981):

= [HCO;] + 2[CO,*
+ 2[PO*] + [SI

[B(OH)4] H[OH"] + [HPO, 2]
H,] + [HS] + ... + minor bases

N\

— [H*]yoiny — [HSO,] = [HF] = [H3PO,] - ...- minor acids

| HClI
%:]:Iﬁ]@%-i

ﬂ/ seawater
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Salinity

Ar = [HCO;] + 2[CO5~]k [B(OH), 1) [OH] + [HPO,~]
+ 2[PO,*] + [SIOQUL)e#”|NH,] + [HS] + ... + Organics

Source: Kulinski et al., 2018 - [H+]wolny o [HSO4_] o [HF] - [H3PO4] RS
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Salinity
IN PARTS PER THOUSAND
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Source: Hammer et al., 2017
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Calculated Sea Surface pH
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Source: Kulinski et al., 2017 modified after Omstedt et al., 2010



Temperature

BATS - Bermuda Atlantic Time-series Study

Source: Bates et al., 2012
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1CO, =

1CO,

3 HCO4
exported to ocean

Source: Emerson & Hedges, 2008



Sediments — source of alkalinity

(CH,0)106(NH3)16(H3P0,) + 1380, —
106C0, + 16H* + 16NO; + 122H,0 + H3 PO,

(CH20)106(NH3)16(H3P04) + 236Mn02 + 4‘72H+ -
236Mn2* + 106C0, + 8N, + 366H,0 + H;PO,
AA; = +472

(CH,0)106(NHz3)1¢(HsPO,) + 84.8H™ + 84.8N0O; —
106C0, + 42.4N, + 16NH; + 148.4H,0 + H;PO,
AA; = +100.8

(CH20)106(NH3)16(H3P04) + 212F€203 + 84‘8H+ -
424Fe?* + 106C0, + 16NH, + 530H,0 + Hy PO,
AA, = +864

(CH,0)106(NH3)16(H3PO,) + 53505 —
106C0, + 16NH; + 5352~ + 106H,0 + H, PO,
AA; = +122

(CH,0)106(NHs)1s(HsPO,) = 53C0, + 53CH, + 16NH; + H3PO,

AA; = +16
Source: Kulinski et al., 2017
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Source: Arrigo, 2005
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Extent of hypoxic & anoxic bottom water, Autumn 2017
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Structure

Exchange

H?
|
Alcohol —CI'.—O—H Yes
Phenol @—ﬂ—]—[ Yes
Ether —(C—0—(—
B
Aldehyde _ (|3_ é_H No
ey
K
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I I
|1l
Carboxyl _ {lj_ C—O—H Yes
B
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i |
Amine —{—N Yes
|
Amide _(I:_ {:L_N:: Yes

hypothetical structure of humic-like substances
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Peculiarities of the acid-base system in the Baltic Sea
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Question.

Name the nation we
all hate?

Answer:
Exami-Nation
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