Chemical Speciation Models Including the

* Accurate chemical speciation models of natural . . . . . * The speciation model contains parameters for the
waters are needed to calculate pH, and carbonate e pagatlo n of Uncertainties: Ap pl ication to the interactions of ions (these determine the activity
and trace metal speciation. coefficients needed to calculate speciation).
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In a combined experimental/modelling project we M arine TOta I p H Sca Ie + The parameters are determined from

are developing such a model, using the Pitzer measurements of activities in simple agueous

equations. solutions containing the species of interest.
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Results: models with full propagation of Matthew P. Humphreys@P®, Jason F. Waters¢, David R. Turner®, Heather Benways, Colleagues at 6 institutions have contributed
uncertainties; assessment of accuracy against Andrew G. Dicksonf, Simon L. C|egga* experimental measurements.

current data for artificial seawater; insights into the
total pH scale needed for future development. a School of Environmental Sciences, University of East Anglia, U.K. (s.clegg@uea.ac.uk)
b NIOZ Royal Netherlands Institute for Sea Research (matthew.humphreys@nioz.nl)

— ¢ National Institute of Standards and Technology (jason.waters@nist.gov) The models, based on the work of Millero and co-
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* Solute speciation is central to trace metal chemistry, e Woods Hole Oceanographic Institution (hbenway@whoi.edu) community in autumn 2022.

the marine carbonate system, and the behaviour of f University of California at San Diego, Scripps Institution of Oceanography (adickson@ucsd.edu) How will I do calculations? A: on the web, or with
dissolved organic matter. pH is a primary variable. downloaded programs that have Python, Matlab,

But: (1) measurement of speciation for every or R interfaces. Test drive a draft version now!

natural water of interest is impractical; (2) the
marine pH scale is problematic for salinities < 20
and is limited to seawater stoichiometries. These

restrictions are severely limiting. The model predicts EMFs of the TrisH*/Tris buffers,

and acidified seawaters, used to define the marine
pH scale, and the effect of variations in composition.

* Models of solute activities and speciation, for
waters of arbitrary composition, are essential for
addressing the difficulties identified above.

The first calculation of the "difference term" that
relates pH-as-measured to the true [H+] + [HSO4-]:
guantifying this is key to extensions of the scale.

Problems in the recent extension to the scale (5 to
20 salinity) have been identified.

The promise of such models has long been
understood; but they have not been widely adopted
for various reasons including a lack of quantified
uncertainties and exclusion of the Tris buffer
solutions used to define pH.

 Free community access to documented, state of
the art, user-friendly software for chemical
speciation calculations of pH, acid-base, and trace
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We began with the formation of the SCOR Working ele o el il LIS ) S, Department of Commerce
Group 45 in March 2015, and will continue until at INSTITUTION
least 2022 (software release).

* First, we have an accumulation of experimental
data that will be used to improve the model, mainly
for the calculation of pH and properties of the
buffers used to define the scale.

Next, the focus will be acid-base and carbonate
equilibria in standard seawater of all salinities, and
natural waters containing the ions of seawater.
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[Abstract }

* Accurate chemical speciation models of natural

Background [Experiments }

* The speciation model contains parameters for the

waters are needed to calculate pH, and carbonate interactions of ions (these determine the activity
and trace metal speciation. coefficients needed to calculate speciation).

* Inacombined experimental/modelling project we Speciation of an element or component controls its * The parameters are determined from
are developing such a model, using the Pitzer . . . . : measurements of activities in simple aqueous
equations. tendency to react, affecting: biological (nutrient) solutions containing the species of interest.

* Results: models with full propagation of ava”ab”ity’- toxicity; and shell-building by marine * Colleagues at 6 institutions have contributed

uncertainties; assessment of accuracy against

current data for artificial seawater; insights into the organisms (CO,%). A quantitative understanding of
| pH scal ded for f devel t. S c o .
rotal pii scale needed for future developmen speciation is important for understanding ocean

{Background J change, biogeochemical cycles, and in marine
environmental management. However, measurement

experimental measurements.

[Modelling }

e The models, based on the work of Millero and co-
workers (2013, 2017), will be released to the
community in autumn 2022.

* Solute speciation is central to trace metal chemistry,

the marine carbonate system, and the behaviour of of speciation for eve ry natu ral water of interest is % Cu Seawater «  How will | do calculations? A: on the web, or with
dissolved organic matter. pH is., a.primary variable. impractical, Ieading to a need for models. . ' dowploaded programs.that have Python, Matlab,
e But: (1) measurement of speciation for every 20 or R interfaces. Test drive a draft version now!
natural water of interest is impractical; (2) the H . . . .. c0
marine pH scale is problematic for salinities < 20 p is a fundamental variable in many speciation 50 [Key First Resu Its }
and s |I.mlt6d to seawater s’Fglchlometrles. These reactions. HOWGVEF, the marine "total" pH scale is 40
restrictions are severely limiting. « .« 1 30 * The model predicts EMFs of the TrisH*/Tris buffers,
limited to waters of seawater st0|ch|ometry and was ig . and acidified seawaters, used to define the marine
[Motivation } initially defined for salinities of 220 (DelValls and o M = PH scale, and the effect of variations in composition.
: . . Cu(2+) Cu(OH)+ CuCO3 Cu(CO3)2 * The first calculation of the "difference term" that
 Models of solute activities and speciation, for chkson, 1998) soasto Ilmlt the lnﬂuence Of some _ relates pH-as-measured to the true [H+] + [HSO4-]:
waters of arbitrary composition, are essential for inherent assumption& An extension (|V| uller et al . quantifying this is key to extensions of the scale.

addressing the difficulties identified above. * Problems in the recent extension to the scale (5 to

20 salinity) have been identified.

[The Future }

. The promise of such models has long been 2017) to salinity of 5 is problematic, as we have
understood; but they have not been widely adopted discovered ve ry rece ntly.

for various reasons including a lack of quantified

uncertainties and exclusion of the Tris buffer . « 4.
solutions used to define pH. Cha"enges' TO mOdel SpECIBtIOn generally, and to * First, we have an accumulation of experimental
address some of the problems specific to pH, which is ki) Ut il s Vst o Impren s meesl, mefly
« o . . . U for the calculation of pH and properties of the
Vision and Timeline the driver of many equilibria. buffers used to define the scale.
* Free community access to documented, state of  __ > - — ) Nexjc,. th.e focus will be acid-base and carb-o.nate
the art, user-friendly software for chemical . ”‘ equilibria in standard seawater of all salinities, and

- : : natural waters containing the ions of seawater.
speciation calculations of pH, acid-base, and trace

metal equilibria in natural waters, including e g H CO ) e H +
® " )

uncertainty estimates. 3 (a q

(aq)
 We began with the formation of the SCOR Working ”
Group 45 in March 2015, and will continue until at . )
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[Abstract

Accurate chemical speciation models of natural
waters are needed to calculate pH, and carbonate
and trace metal speciation.

In a combined experimental/modelling project we
are developing such a model, using the Pitzer
equations.

Results: models with full propagation of
uncertainties; assessment of accuracy against
current data for artificial seawater; insights into the
total pH scale needed for future development.

[Background

J

e Solute speciation is central to trace metal chemistry,

the marine carbonate system, and the behaviour of
dissolved organic matter. pH is a primary variable.

But: (1) measurement of speciation for every
natural water of interest is impractical; (2) the
marine pH scale is problematic for salinities < 20
and is limited to seawater stoichiometries. These
restrictions are severely limiting.

[Motivation and Approach ]

 Models of solute activities and speciation, for

waters of arbitrary composition, are essential for
addressing the difficulties identified above.

 The promise of such models has long been

understood; but they have not been widely adopted
for various reasons including a lack of quantified
uncertainties and exclusion of the Tris buffer
solutions used to define pH.

[Vision and Timeline

Free community access to documented, state of
the art, user-friendly software for chemical
speciation calculations of pH, acid-base, and trace
metal equilibria in natural waters, including
uncertainty estimates.

We began with the formation of the SCOR Working
Group 45 in March 2015, and will continue until at
least 2022 (software release).

J/JQEJ/:JEJQU all CJ J/_;JFJJKJJJQ:JC)J/J

Models of solute activities and speciation, for waters of arbitrary composition, are essential
for addressing the difficulties identified in the previous section.

Speciation models, based on the Pitzer equations (Pitzer, 1991) have been developed over
many years by Millero (e.g., Waters and Millero, 2013). The promise of such models is well
understood, but they have not been widely adopted because of: complexity, lack of
quantified uncertainties, they are incomplete w.r.t. some key interactions (notably for
'Tris' pH buffer solutions) , and there are no fully documented and validated computer
codes available.

Approach
We are addressing these obstacles in a project that combines two elements:
1. Experimental measurements: to extend the models to

These experiments, typically yielding activities of dissolved Tris, or activity

products of H" and Cl, are used to determine interaction parameters in the
Pitzer model.

2. Model development: to
assess, document, and improve the model, and

in model outputs;

Benetrits
pH: Ability to for natural waters of non-seawater
stoichiometry; , linking the operationally

defined pH-as-measured to total H* concentration.

Carbonate chemistry: Calculate
fresh waters.

, INC.

Trace metals: Models
added.

to which trace metal speciation can be

Click Section Headings to View Additional Content

[Experiments

The speciation model contains parameters for the
interactions of ions (these determine the activity
coefficients needed to calculate speciation).

The parameters are determined from
measurements of activities in simple aqueous
solutions containing the species of interest.

Colleagues at 6 institutions have contributed
experimental measurements.

[Modelling

The models, based on the work of Millero and co-
workers (2013, 2017), will be released to the
community in autumn 2022.

How will | do calculations? A: on the web, or with
downloaded programs that have Python, Matlab,
or R interfaces. Test drive a draft version now!

[Key First Results }

The model predicts EMFs of the TrisH*/Tris buffers,
and acidified seawaters, used to define the marine
pH scale, and the effect of variations in composition.

The first calculation of the "difference term" that
relates pH-as-measured to the true [H+] + [HSO4-]:
guantifying this is key to extensions of the scale.

Problems in the recent extension to the scale (5 to
20 salinity) have been identified.

[The Future }

First, we have an accumulation of experimental
data that will be used to improve the model, mainly
for the calculation of pH and properties of the
buffers used to define the scale.

Next, the focus will be acid-base and carbonate
equilibria in standard seawater of all salinities, and
natural waters containing the ions of seawater.

[Contributors and References}

Ctrl-Click to view full list.




e Vision and Timeline

waters are needed to calculate pH, and carbonate documented, state of the art, user-friendly software

and trace metal speciation.

* The speciation model contains parameters for the
interactions of ions (these determine the activity

pH, acid-base, and trace metal equi“bria coefficients needed to calculate speciation).

* The parameters are determined from
measurements of activities in simple aqueous
solutions containing the species of interest.

In a combined experimental/modelling project we
are developing such a model, using the Pitzer
equations.

Results: models with full propagation of
uncertainties; assessment of accuracy against
current data for artificial seawater; insights into the
total pH scale needed for future development.

* Solute speciation is central to trace metal chemistry,
the marine carbonate system, and the behaviour of
dissolved organic matter. pH is a primary variable.

Colleagues at 6 institutions have contributed
experimental measurements.

Modelling

The models, based on the work of Millero and co-
workers (2013, 2017), will be released to the
community in autumn 2022.

How will | do calculations? A: on the web, or with
downloaded programs that have Python, Matlab,

But: (1) measurement of speciation for every or R interfaces. Test drive a draft version now!

natural water of interest is impractical; (2) the
marine pH scale is problematic for salinities < 20
and is limited to seawater stoichiometries. These

restrictions are severely limiting. The model predicts EMFs of the TrisH*/Tris buffers,

and acidified seawaters, used to define the marine
pH scale, and the effect of variations in composition.

* Models of solute activities and speciation, for
waters of arbitrary composition, are essential for
addressing the difficulties identified above.

The first calculation of the "difference term" that
relates pH-as-measured to the true [H+] + [HSO4-]:
guantifying this is key to extensions of the scale.

Problems in the recent extension to the scale (5 to
20 salinity) have been identified.

The promise of such models has long been
understood; but they have not been widely adopted
for various reasons including a lack of quantified
uncertainties and exclusion of the Tris buffer

solutions used to define pH. * First, we have an accumulation of experimental

data that will be used to improve the model, mainly
for the calculation of pH and properties of the
buffers used to define the scale.

Vision and Timeline

 Free community access to documented, state of
the art, user-friendly software for chemical
speciation calculations of pH, acid-base, and trace
metal equilibria in natural waters, including
uncertainty estimates.

We began with the formation of the SCOR Working SOftwa re re I ea Se

Group 45 in March 2015, and will continue until at
least 2022 (software release).

Next, the focus will be acid-base and carbonate
equilibria in standard seawater of all salinities, and
natural waters containing the ions of seawater.

e Ctrl-Click to view full list
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[Abstract }

Harned Cell glassware.

[Experiments

EXperiments

a & The two electrode

Accurate chemical speciation models of natural
& compartments are at

waters are needed to calculate pH, and carbonate
and trace metal speciation.

 Designed to (and not

In a combined experimental/modelling project we :
measurements on seawater directly, for example).

are developing such a model, using the Pitzer
equations.

* The speciation model describes solution behaviour in terms
of both (e.g., HSO,

Results: models with full propagation of
uncertainties; assessment of accuracy against
current data for artificial seawater; insights into the

* The speciation model contains parameters for the

interactions of ions (these determine the activity
coefficients needed to calculate speciation).

The parameters are determined from
measurements of activities in simple aqueous
solutions containing the species of interest.

Colleagues at 6 institutions have contributed
experimental measurements.

= H* + SO,%, HCO, = H* + CO,%), and
(e.g., H* — Cl, H* — Na* —

total pH scale needed for future development.

{Background

[Modelling

J Cl-, Tris — Na*).

* Solute speciation is central to trace metal chemistry,

e Solubility experiments (Lodeiro et al., 2020) and Harned
Cell measurements of HCI activity products to
over a range of temperatures

the marine carbonate system, and the behaviour of
dissolved organic matter. pH is a primary variable.

But: (1) measurement of speciation for every

The models, based on the work of Millero and co-
workers (2013, 2017), will be released to the
community in autumn 2022.

How will | do calculations? A: on the web, or with
downloaded programs that have Python, Matlab,
or R interfaces. Test drive a draft version now!

Focused on the in solutions
containing the ions of seawater, to obtain the benefits

natural water of interest is impractical; (2) the '
marine pH scale is problematic for salinities < 20
and is limited to seawater stoichiometries. These

[Key First Results

restrictions are severely limiting. described in the Motivation section.

[Motivation

Participants: GEOMAR — solubility measurements; NM|J
(Japan), PTB (Germany), NIST (USA) — Harned Cells.

* Models of solute activities and speciation, for 1

 The promise of such models has long been

i

|
Above: Close up of Harned Cell
showing Pt H* electrode (right)

and Ag/AgCl Cl- electrode (left)

waters of arbitrary composition, are essential for
addressing the difficulties identified above.

Below: 5 Harned Cells in a temperature-controlled

The model predicts EMFs of the TrisH*/Tris buffers,
and acidified seawaters, used to define the marine
pH scale, and the effect of variations in composition.

The first calculation of the "difference term" that
relates pH-as-measured to the true [H+] + [HSO4-]:
guantifying this is key to extensions of the scale.

Problems in the recent extension to the scale (5 to
20 salinity) have been identified.

understood; but they have not been widely adopted
for various reasons including a lack of quantified
uncertainties and exclusion of the Tris buffer

water bath in Andrew Dickson’s

lab. at Scripps.

[The Future

solutions used to define pH.

[Vision and Timeline

Free community access to documented, state of
the art, user-friendly software for chemical
speciation calculations of pH, acid-base, and trace

First, we have an accumulation of experimental
data that will be used to improve the model, mainly
for the calculation of pH and properties of the
buffers used to define the scale.

Next, the focus will be acid-base and carbonate
equilibria in standard seawater of all salinities, and
natural waters containing the ions of seawater.

metal equilibria in natural waters, including
uncertainty estimates.

{Contributors & References }

We began with the formation of the SCOR Working
Group 45 in March 2015, and will continue until at
least 2022 (software release).

— e

LY e

Click Section Headings to View Additional Content
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{Abstract

Accurate chemical speciation models of natural
waters are needed to calculate pH, and carbonate
and trace metal speciation.

In a combined experimental/modelling project we
are developing such a model, using the Pitzer
equations.

Results: models with full propagation of
uncertainties; assessment of accuracy against
current data for artificial seawater; insights into the
total pH scale needed for future development.

[Background

s

* Solute speciation is central to trace metal chemistry,

the marine carbonate system, and the behaviour of
dissolved organic matter. pH is a primary variable.

But: (1) measurement of speciation for every
natural water of interest is impractical; (2) the
marine pH scale is problematic for salinities < 20
and is limited to seawater stoichiometries. These
restrictions are severely limiting.

Modelling

O
The models, based on the work of Millero and co-workers (2013, 2017), will be
g2 ee e =] el e ] £} 7407222210 the community.

The models will be developed over time The [:fi=1l fecll5is on solutions
containing the lor5 i Sirickzicel S22, 2112, and those present in the [(1:
used to define the marine ‘total’ pH scale.

pDUTTers

The models usable directly from the web, and as downloaded programs with
Python, Matlab, or R interfaces.

Test drive the draft models here:
tinyurl.com/WG145model

EXAMPLE: Calculate the change in pH of the a Tris buffer of salinity 35 which contains 20

{Motivation and Approach }

 Models of solute activities and speciation, for

waters of arbitrary composition, are essential for
addressing the difficulties identified above.

 The promise of such models has long been

understood; but they have not been widely adopted
for various reasons including a lack of quantified
uncertainties and exclusion of the Tris buffer
solutions used to define pH.

mol% less SO,% than normal seawater.

STEPS

1. Goto the ‘pH of Tris buffers’ page at the above site.

2. Enter “-20” in the “Vary SO, by (%):” box.
3. Press “Submit”

RESULTS: Here is the top part of the results page from the calculation.

[Vision and Timeline

Free community access to documented, state of
the art, user-friendly software for chemical
speciation calculations of pH, acid-base, and trace
metal equilibria in natural waters, including
uncertainty estimates.

We began with the formation of the SCOR Working
Group 45 in March 2015, and will continue until at
least 2022 (software release).

» Temperature: 25.00 °C, Salinity: 35.00, Pressure: 1.0 atm (fixed)

} » Buffer composition has been altered as follows:

Na by -2.624% (by changing Na2S04)
S04 Dby -20.000%5 by removing Naz2S04

* This changes the calculated pH from 8.059 + 0.0082 to 8.079 (ApH = 0.01980)

The uncertainty in ApH is = 8.76E-04

Click Section Headings to View Additional Content

{Experiments

The speciation model contains parameters for the
interactions of ions (these determine the activity
coefficients needed to calculate speciation).

The parameters are determined from
measurements of activities in simple aqueous
solutions containing the species of interest.

Colleagues at 6 institutions have contributed
experimental measurements.

[Modelling

The models, based on the work of Millero and co-
workers (2013, 2017), will be released to the
community in autumn 2022.

How will | do calculations? A: on the web, or with
downloaded programs that have Python, Matlab,
or R interfaces. Test drive a draft version now!

[Key First Results }

The model predicts EMFs of the TrisH*/Tris buffers,
and acidified seawaters, used to define the marine
pH scale, and the effect of variations in composition.

The first calculation of the "difference term" that
relates pH-as-measured to the true [H+] + [HSO4-]:
guantifying this is key to extensions of the scale.

Problems in the recent extension to the scale (5 to
20 salinity) have been identified.

[The Future }

First, we have an accumulation of experimental
data that will be used to improve the model, mainly
for the calculation of pH and properties of the
buffers used to define the scale.

Next, the focus will be acid-base and carbonate
equilibria in standard seawater of all salinities, and
natural waters containing the ions of seawater.

[Contributors and References}

Ctrl-Click to view full list.



http://www.aim.env.uea.ac.uk/osm/main_page.html

* Accurate chemical speciation models of natural
waters are needed to calculate pH, and carbonate
and trace metal speciation.

In a combined experimental/modelling project we
are developing such a model, using the Pitzer
equations.

Results: models with full propagation of
uncertainties; assessment of accuracy against
current data for artificial seawater; insights into the
total pH scale needed for future development.

* Solute speciation is central to trace metal chemistry,
the marine carbonate system, and the behaviour of
dissolved organic matter. pH is a primary variable.

But: (1) measurement of speciation for every
natural water of interest is impractical; (2) the
marine pH scale is problematic for salinities < 20
and is limited to seawater stoichiometries. These
restrictions are severely limiting.

* Models of solute activities and speciation, for
waters of arbitrary composition, are essential for
addressing the difficulties identified above.

* The promise of such models has long been
understood; but they have not been widely adopted
for various reasons including a lack of quantified
uncertainties and exclusion of the Tris buffer
solutions used to define pH.

 Free community access to documented, state of
the art, user-friendly software for chemical
speciation calculations of pH, acid-base, and trace
metal equilibria in natural waters, including
uncertainty estimates.

We began with the formation of the SCOR Working
Group 45 in March 2015, and will continue until at
least 2022 (software release).

First Results

Results (pH)

1. predict EMFs of the
TrisH*/Tris buffers, and acidified
seawaters

2. “difference
term”™ inherent in the total pH scale

total scale can
readily be extended to lower salinities

key to
extending the scale to freshwater

0.2460

02455

0.24350

T Uncert.

0.00 0.01 0.02 003 0.04
mHCl / mol kg™

0.05

Above: model-calculated (dashed line) and empirical fit

(dash-dot) of data agree. E* is the intercept at mHCI = 0.

Data of Dickson (1990). Shaded areas show model
uncertainties

* The speciation model contains parameters for the

interactions of ions (these determine the activity
coefficients needed to calculate speciation).

* The parameters are determined from

measurements of activities in simple aqueous
solutions containing the species of interest.

Colleagues at 6 institutions have contributed
experimental measurements.

The models, based on the work of Millero and co-
workers (2013, 2017), will be released to the
community in autumn 2022.

How will | do calculations? A: on the web, or with
downloaded programs that have Python, Matlab,
or R interfaces. Test drive a draft version now!

Key First Results

* The model predicts EMFs of the TrisH*/Tris buffers,

and acidified seawaters, used to define the marine
pH scale, and the effect of variations in composition.

 The first calculation of the "difference term" that

relates pH-as-measured to the true [H+] + [HSO4-]:
guantifying this is key to extensions of the scale.

Problems in the recent extension to the scale (5 to
20 salinity) have been identified.

First, we have an accumulation of experimental
data that will be used to improve the model, mainly
for the calculation of pH and properties of the
buffers used to define the scale.

Next, the focus will be acid-base and carbonate
equilibria in standard seawater of all salinities, and
natural waters containing the ions of seawater.

Ctrl-Click to view full list.




Abstract The Future

* Accurate chemical speciation models of natural
waters are needed to calculate pH, and carbonate
and trace metal speciation.

* The speciation model contains parameters for the
interactions of ions (these determine the activity

coefficients needed to calculate speciation).
In a combined experimental/modelling project we

are developing such a model, using the Pitzer
equations.

* The parameters are determined from
measurements of activities in simple aqueous

solutions containing the species of interest.
Results: models with full propagation of

uncertainties; assessment of accuracy against
current data for artificial seawater; insights into the
total pH scale needed for future development.

to improve
— The models, based on the work of Millero and co-
mOdEI Of pH bUffe IS workers (2013, 2017), will be released to the

* Solute speciation is central to trace metal chemistry,
the marine carbonate system, and the behaviour of How will | do calculations? A: on the web, or with

dissolved organic matter. pH is a primary variable. downloaded programs that have Python, Matlab,

But: (1) measurement of speciation for every 2- Im prove unce rta i nty treatment or R interfaces. Test drive a draft version now!

natural water of interest is impractical; (2) the
marine pH scale is problematic for salinities < 20
and is limited to seawater stoichiometries. These
restrictions are severely limiting.

Colleagues at 6 institutions have contributed
experimental measurements.

community in autumn 2022.

* The model predicts EMFs of the TrisH*/Tris buffers,

- and acidified seawaters, used to define the marine
— user Inte rface mOdeI pH scale, and the effect of variations in composition.
featu res * The first calculation of the "difference term" that

* Models of solute activities and speciation, for
waters of arbitrary composition, are essential for
addressing the difficulties identified above.

relates pH-as-measured to the true [H+] + [HSO4-]:
guantifying this is key to extensions of the scale.

Problems in the recent extension to the scale (5 to
20 salinity) have been identified.

The Future

* First, we have an accumulation of experimental
data that will be used to improve the model, mainly
for the calculation of pH and properties of the
buffers used to define the scale.

The promise of such models has long been
understood; but they have not been widely adopted
for various reasons including a lack of quantified
uncertainties and exclusion of the Tris buffer
solutions used to define pH.

 Free community access to documented, state of
the art, user-friendly software for chemical
speciation calculations of pH, acid-base, and trace
metal equilibria in natural waters, including
uncertainty estimates.

We began with the formation of the SCOR Working
Group 45 in March 2015, and will continue until at
least 2022 (software release).

Next, the focus will be acid-base and carbonate
equilibria in standard seawater of all salinities, and
natural waters containing the ions of seawater.

e Ctrl-Click to view full list. A




* Models of solute activities and speciation, for
waters of arbitrary composition, are essential for
addressing the difficulties identified above.

Accurate chemical speciation models of natural
waters are needed to calculate pH, and carbonate
and trace metal speciation.

In a combined experimental/modelling project we
are developing such a model, using the Pitzer
equations.

Results: models with full propagation of
uncertainties; assessment of accuracy against
current data for artificial seawater; insights into the
total pH scale needed for future development.

Solute speciation is central to trace metal chemistry,
the marine carbonate system, and the behaviour of
dissolved organic matter. pH is a primary variable.

But: (1) measurement of speciation for every
natural water of interest is impractical; (2) the
marine pH scale is problematic for salinities < 20
and is limited to seawater stoichiometries. These
restrictions are severely limiting.

The promise of such models has long been
understood; but they have not been widely adopted
for various reasons including a lack of quantified
uncertainties and exclusion of the Tris buffer
solutions used to define pH.

Free community access to documented, state of
the art, user-friendly software for chemical
speciation calculations of pH, acid-base, and trace
metal equilibria in natural waters, including
uncertainty estimates.

We began with the formation of the SCOR Working
Group 45 in March 2015, and will continue until at
least 2022 (software release).

Chemical Speciation Modelling in Seawater to Meet 21st Century
Needs
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* The speciation model contains parameters for the
interactions of ions (these determine the activity
coefficients needed to calculate speciation).

* The parameters are determined from
measurements of activities in simple aqueous
solutions containing the species of interest.

Colleagues at 6 institutions have contributed
experimental measurements.

e The models, based on the work of Millero and co-
workers (2013, 2017), will be released to the
community in autumn 2022.

How will | do calculations? A: on the web, or with
downloaded programs that have Python, Matlab,
or R interfaces. Test drive a draft version now!

* The model predicts EMFs of the TrisH*/Tris buffers,
and acidified seawaters, used to define the marine
pH scale, and the effect of variations in composition.

* The first calculation of the "difference term" that
relates pH-as-measured to the true [H+] + [HSO4-]:
guantifying this is key to extensions of the scale.

Problems in the recent extension to the scale (5 to
20 salinity) have been identified.

* First, we have an accumulation of experimental
data that will be used to improve the model, mainly
for the calculation of pH and properties of the
buffers used to define the scale.

Next, the focus will be acid-base and carbonate
equilibria in standard seawater of all salinities, and
natural waters containing the ions of seawater.
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