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Method comparison: DIC vs. TA manipulation

Concentration ( µmol kg-1)

Step III

within the 280 -700 µatm range
quite similar variations
in concentration changes

Organisms will experience changes in individual
carbonate chemistry parameters (CO2, HCO3-, CO32-, H+),
rather than combined ones (TA, DIC)

Method comparison: DIC vs. TA manipulation (extended range)

Concentration ( µmol kg-1)

Step III

At CO2 levels above
1.000 µatm, [HCO3-]
start to deviate significantly
At CO2 levels below
50µatm, [CO32-] and hence
carbonate saturation states
start to deviate significantly
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Step II

Seawater filtration / autoclaving

Should be last step, but prior to carbonate chemistry manipulation
Autoclaving natural seawater usually severely changes carbonate chemistry
DIC loss due to outgasing
TA change due to evaporation / carbonate precipitation
DIC and TA after filtration / autoclaving procedures should be known

DIC = [CO2] + [HCO3-] + [CO32-]
TA

= [HCO3-] + 2[CO32-] + [OH-] + [B(OH)4-] + [HPO42-]
+ 2[PO43-] + [H3SiO4-] + [NH3] + [HS-]
- [H+]F - [HSO4-] - [HF] - [H3PO4] …
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Step I

Seawater preparation: inorganic nutrients

Several inorganic nutrients are contributing to TA, therefore their
concentrations have to be known to calculate the carbonate system
Additions of certain inorganic nutrients change TA

TA change

TA constant

H3PO4

1Mol/Mol

HNO3

1Mol/Mol

Na2SiO3

2Mol/Mol

SiO32- + H2O

TA

H2SiO42-

NaH2PO4
NaNO3 / NO4Cl

H2SiO42- + 2H+

H4SiO4

= [HCO3-] + 2[CO32-] + [OH-] + [B(OH)4-] + [HPO42-]
+ 2[PO43-] + [H3SiO4-] + [NH3] + [HS-]
- [H+]F - [HSO4-] - [HF] - [H3PO4] …

Step I

Seawater preparation: buffers

Organic and inorganic buffers mean extra alkalinity
Above certain concentrations (>10 µmol/kg) TA determination
are misleading because the equations for fitting the titration data do
not contain the buffer acid/base equilibria
Calculations of the carbonate system with TA as paramater by
standard programs is not possible because the TA definition does
not include the additional buffer
PBS, HEPES, BICINE (check you media receipe!)

TA

= [HCO3-] + 2[CO32-] + [OH-] + [B(OH)4-] + [HPO42-]
+ 2[PO43-] + [H3SiO4-] + [NH3] + [HS-]
- [H+]F - [HSO4-] - [HF] - [H3PO4] …
+ [B] - [BH]
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IV

Seawater sampling

Anything chaning DIC or TA during sampling changes the carbonate
chemistry speciation
Extensive contact with the atmosphere changes DIC when fCO2 in
seawater differs from atmospheric counterpart (air inside rooms
is usually not at 380 µatm)
Evaporation increases TA, carbonate precipitation decreases TA

Storage in open bottles

Frozen samples

DIC = [CO2] + [HCO3-] + [CO32-]
TA

= [HCO3-] + 2[CO32-] + [OH-] + [B(OH)4-] + [HPO42-]
+ 2[PO43-] + [H3SiO4-] + [NH3] + [HS-]
- [H+]F - [HSO4-] - [HF] - [H3PO4] …

Store samples cool and dark, and if for longer poisened (HgCl2)
Gentle pressure filtration of samples for DIC and TA

IV
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Back here

Just before going to practicals F and G (pH measurements) go to Jan
Büdenbender (C) in room A120 to collect seawater samples !

