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MARCHEMSPEC, MARine
CHEMical SPECiation

SCOR Working Group 145

Chair: David Turner (Gothenburg, Sweden)
Vice-chairs: Simon Clegg (Norwich, UK); Sylvia Sander (Dunedin, New Zealand)

An element’s chemical reactivity and biological availability depend 
on its chemical speciation. 

Chemical speciation – a cornerstone of 
marine chemistry

Among the most important equilibria in seawater:

• those controlling pH and the speciation of the carbonate system

• those controlling the speciation of trace metals (micronutrients
and/or toxins)

Important applications include understanding the chemical 
responses to global change, not least in vulnerable environments 
such as coral reefs and polar waters

SCOR Working Group 145

Appendix 2: Town Hall Presentation
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• The concentrations of many key chemical species (e.g. CO2(aq), 
HCO3

-, CO3
2-, Cu2+…) cannot be measured directly.

• We therefore require a “model” comprising chemical equations 
(most commonly Pitzer equations) that calculate activities from 
temperature, pressure and solution composition

• These models are based on a wide variety of experimental data 
from simpler solutions, and can be used to calculate speciation 
in all natural waters (subject to the availability of the necessary 
data)

• Developing accurate models of this type therefore has many 
potential applications and benefits. This is the subject of SCOR 
Working Group 145

Why is understanding chemical speciation 
a challenge?

SCOR Working Group 145

• To document the current status of Pitzer models of seawater, 
and to identify key gaps in knowledge

• To specify the functions and capability of a user-friendly web-
based modelling tool for chemical speciation calculations

• To implement the web-based modelling tool

• To present our work to the wider marine science community 

(.. and receive feedback)

MARCHEMSPEC goals

SCOR Working Group 145
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Role of Chemical Speciation Models

Chemical
Speciation
Modelling

3. Interpret
& Predict2. Measure1. Calibrate

The “models” can be as simple as empirical equations such as CO2Calc (“user-friendly 
seawater-carbon calculator”), or as complex as a Pitzer ion interaction model in which 
concentrations of all species can be varied individually (deviations from seawater 
composition).

SCOR Working Group 145

Which Chemical Species?

 pH (carbonate, sulphate, borate, fluoride species) 

 Carbonate system: CO2 uptake, pH, carbonate mineral solubility (H+, 
CO2, HCO3

-, CO3
2-).

 Nutrients and trace metals (complexation and availability, mainly Fe, Cu, 
Cd, Co, Mn, Zn).

These properties and equilibria 
vary as functions of:

• Salinity, 

• Temperature, 

• Pressure, and 

• Composition (for 
environments differing 
from seawater stoichiometry)  

The minor, but very important, species which are involved in equilibria
and whose behaviour is complex.

SCOR Working Group 145
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Speciation Equilibria – Bicarbonate Example

KHCO3
is f(T, P) only.

K*HCO3
= KHCO3  

· γHCO3
- / (γH+ · γCO3

2-) 

Empirical Eqns as f(T, S, P), e.g. CO2Calc. 

K*HCO3
= [H+] · [CO3

2-] / [HCO3
-] 

The “γ” are activity coefficients (they are f(T, P, x)). 

SCOR Working Group 145

Purpose of the Speciation Model

The job of the chemical speciation (Pitzer) model is to calculate γ
for all species of interest for any T, P, and solution composition, inc.
variations from seawater stoichiometry, and hence determine
chemical equilibrium and speciation in the solution.

These include: H+, HCO3
-, CO3

2-, CO2, HSO4
-, SO4

2-, B(OH)4
-, 

B(OH)3, F-, HF.

γHCO3
- , γH+, γCO3

2-, γCO2, γHSO4
-, γSO4

2-...

Sounds like a lot of work, so why bother....

SCOR Working Group 145
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Benefits of a Comprehensive Speciation Model (1)

Integrate, within a single self consistent model, the 
calculation of:

(1) Speciation in buffers used for calibration (pH)

(2) pH (on its different scales, hence interconversion) 

(3) Carbonate equilibria and CaCO3 saturation, 

(4) Trace metal complexation and availability

SCOR Working Group 145

1. Ocean Water 
Column

2. Estuaries & 
Shelf Seas

4. Pore Waters

3. Sea Ice 
Environments

• Wide variations of 
T, S, and P.

• Deviations from seawater
composition.

• Very challenging to 
quantitatively understand
the chemistry of individual
ions and molecules.

Benefits of a Comprehensive Speciation Model  (2)

Apply across many environments:

SCOR Working Group 145
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The Pitzer Model (1)

1.  “Miami” model of Frank Millero and co-workers (developed since 1993,  
most comprehensive).

2.  Clegg and Whitfield model (1995, created to calculated NH3 speciation
in estuaries and seas).

• The models contain interaction parameters that must be fitted to data for
aqueous solutions containing the solutes of interest.

• Both are based upon large array of activity and thermal data for single 
electrolyte solutions and mixtures at different temperatures; and use 
model parameters drawn from other studies (often for salt solubilities in 
brines). 

There are two ion-interaction “Pitzer” models:

The Models

How are they constructed?

SCOR Working Group 145

The Pitzer Model (2)

 Activity coefficients are expressed sums of interactions between all pairs
and triplets of ions and uncharged solutes in the solution.

So data for a very large number of solutions are needed to determine 
values of binary and ternary parameters expressing these interactions. 

 It can be hard to relate uncertainties in these original data to uncertainties 
in model-calculated speciation.

 More measurements and validation are needed for a comprehensive 
coverage of marine conditions, and buffers used for instrument calibration.

 Complex computer codes are rarely either easy to use, properly
documented, or widely distributed.

Why are such models not already in widespread use?

Scientific reasons

Practical reasons

SCOR Working Group 145
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This Working Group

Miami
model

PML
model

Review and 
document 
models, and 
relevant data

Create database of 
Pitzer parameters 
and equilibrium 
constants.

User 
requirements
for web-based 
speciation
tools.

Public
website,
+ distrib.
tools and
programs
(subject to
funding)

Assess 
uncertainties and 
effects on calcul-
ated properties

Objectives 1 & 2

Objective 3  Objective 4 

time (approx. 4 years)

New 
measurements,
(subject to funding)

SCOR Working Group 145

(1) Need: ocean acidification isn’t going away. It’s effects are 

diverse and complex, and will be felt in many marine 

environments. An accurate, self-consistent, model that can 

be applied from oceanographic measurements (arctic, 

tropics, open ocean, estuaries) through to prediction of the 

effects will be invaluable.

Why Now?

(2) Expertise: there are relatively few people both experienced 

in the use of the model and with a deep knowledge of the

thermodynamic literature and data. Most of these are either 

late in their careers of retired.

SCOR Working Group 145
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SCOR Working Group 145

Why do YOU need speciation modelling?

What type of marine environment?

What scientific problem?

What chemical species?

SCOR Working Group 145

What kind of speciation modelling 
program do you want?

1. Black box (simple input – output)
In: [DCu], T, S, P, pH
Out: Cu-speciation  

2. Make changes to database
e.g., add ligand parameters

3. Import large datafiles and 
(re)calculate 
e.g.calc TM speciation for large datasets

4. The Pro: make changes to the code
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SCOR Working Group 145

What are features you want or don’t want?

1. Black box (simple input – output)

SCOR Working Group 145

What are features you want or don’t want?

2. Make changes to database
e.g., add ligand parameters
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SCOR Working Group 145

What are features you want or don’t want?

3. Import large datafiles and 
(re)calculate 
e.g. calc TM speciation for large datasets

SCOR Working Group 145

What are features you want or don’t want?

4. The Pro: make changes to the code


