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The reference (but…)



Ocean acidification in a nutshell
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Not so complicated? 



To characterize the carbonate system we 

need to measure or calculate: 

Saturation state W -



We can measure : 

- pH 

- DIC 

- Alkalinity

- pCO2

You also need Temp, salinity, and pressure

USE 2 TO CHARACTERIZE THE SYSTEM

BUT MUST USE EQUILIBRIUM 

CONSTANTS FOR THE CALCULATIONS 



Which one to measure?



1. Acidify a known amount of sample

2. Extract the CO2

3. Measure the amount of CO2

1. Dissolved Inorganic Carbon (DIC)



2. pH (Total Hydrogen ions concentration)



Well… seawater is… 



ACID-BASE SPECIES COMPRISE A SUBSET OF THE “MINOR 

CONSTITUENTS” PRESENT IN SEAWATER

other acid/base species
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2. pH (Total Hydrogen ions concentration)

Important to use the right scale

Total scale

NBS / NIST scale





2. pH (Total Hydrogen ions concentration)

Danger of using impure dyes



Species concentration, [CO2]

A. Gas phase equilibration

• Measure x(CO2) in the gas phase using NDIR

• Measure x(CO2) in the gas phase using GC

B. Membrane equilibration (with gas or external solution)

• Measure x(CO2) in the gas phase using NDIR

• Measure pH in external solution (see pH section)

3. pCO2



4. Total alkalinity
Acidimetric titration

• Closed-cell

• Open-cell



- New technology

- kits

New simpler and cheaper technology

IAEA INT/7/019

Supporting a global ocean 

acidification observing 

network - toward increased 

involvement of developing 

states



Calculations



Accuracy & Precision



Accuracy & Precision



Precision



Accuracy

Key to have reference material



What 2 parameters to use?

Quality control requires at a minimum the following:

- Suitable and properly maintained equipment and facilities 

(trained technician)

- Well documented measurement procedures

- Regular and appropriate use of reference materials to 

evaluate measurement performance,

- Appropriate documentation of measurements and associated 

quality control information.



Mathematically, all choices should be equivalent.

In practice that is not the case. Every one of these terms is an 

experimental quantity with an associated uncertainty. These 

uncertainties propagate through the calculations resulting in 

uncertainties in the various calculated values.

In addition to uncertainties in the measured CO2 parameters, 

there are also uncertainties in the various equilibrium constants, 

and in the total concentrations of other acid-base systems such 

as boron, etc.

(Also, the expression used for alkalinity may be incomplete.)

What 2 parameters to use?



What 2 parameters to use?



pH on total scale

and/or pCO2 [μatm or ppt], CT [μmol kg-1], 

AT [μmol kg-1] 

Computation methods

What to report



SOPs



How good is good enough?

Chemistry is time consumming

Chemistry is expensive

(time / money)

-> Design a sampling design that fits 

the purpose: time resolution / 

accuracy / precision





Objective ?



Sampling strategy



Conclusions

✓ Think about your question (climate vs 

weather, monitoring vs experimentation)

✓ Design your sampling accordingly

✓ Select your parameters based on needs, 

expertise

✓ Use these tools to think/design biological

experiments


