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1. Introduction

This short Supplement describes how to carry out calculations for seawater solutions, or solutions
containing the ions of seawater, for assigned alkalinities and total carbonate and borate concentrations. At
the time of writing this document, the ability of the model to equilibrate solutions directly to pairs of
specified values of pH, pCO», DIC (dissolved inorganic carbon) and/or alkalinity has not been implemented
in the software. However, using the available forms of input for the standalone models, and the
MARCHEMSPEC functions, it is possible to fix total borate, dissolved inorganic carbon, and alkalinity to
user-defined values. This document summarises how to do this, and contains tables of input concentrations
that can be used in calls of the MARCHEMSPEC functions for calculations of properties of seawater
media.

2. The alkalinity of Reference Seawater

The compositions of Reference Seawater for practical salinity 35 are listed in Table 4 of Millero et al.
(Deep-Sea Research I, 55, 50-72, 2008), on both an amount content and molality basis. Acid-base
speciation is assigned for the carbonate and borate systems, for this salinity, thus for example all of CO,*,
HCO5", CO;*, B(OH)s and B(OH); have assigned concentrations. Free H' can be set to zero, for
convenience, because it is so small.

These compositions can be re-arranged so that all borate is assigned to B(OH)s, all carbonate is assigned to
CO»*, and all fluoride to F~ (as it already is in the table of Millero et al.). If this is done, then the
concentration (k) of OH™ (amount content or molality) can be written:

kOH™ = kOH (free) + kB(OH)4 + 2kCOs* + kHCOs” — kH" — kHF (D
Taking amount contents from Table 4 of Millero et al. yields;
[OH] = 0.0000080 + 0.0001008 + 2x0.0002390 + 0.0017177 — 0.0 — 0.0 (2)
= 2.3045x10 moles per kg of solution (amount content)

This is the alkalinity of the solution. The small difference between this value and that given by Millero et
al. for this solution (2.300x1073 mol kg!) is most likely due to rounding errors in the tabulated amount
contents and is not significant.

The same calculation, on a molality basis (m), yields:
mOH" = 0.0000082 + 0.0001045 + 2x0.0002477 + 0.0017803 — 0.0 — 0.0 3)
= 2.33884x10 moles per kg of pure water (molality)

(This conversion does not take into account the very small change in the moles of water solvent implied by
the assignment of all carbonate to CO,* and all borate to B(OH);.)

Compositions of seawater can be input into MARCHEMSPEC in this way, so that the OH" input is equal to
the alkalinity, and CO,* and B(OH); are total carbonate and borate, respectively. These two totals can be
altered without affecting the alkalinity. For salinity 35 seawater on an amount content basis, the following
two sets of seawater compositions in the table below are equivalent, and either can be used by the model.



Salinity 35 seawater, two equivalent compositions

Seawater species composition Equivalent composition, using
alkalinity and total F, B, and DIC

No. | Species Amount Content Species Amount Content
Cations 1 H 0.0 H 0.0

2 Na 4.689674E-01 Na 4.689674E-01

3 Mg 5.281710E-02 Mg 5.281710E-02

4 Ca 1.028210E-02 Ca 1.028210E-02

5 K 1.020770E-02 K 1.02077E-02

6 MgOH 0.0 - 0.0

7 Sr 9.070E-05 Sr 9.070E-05

8 MgF 0.0 - 0.0

9 CaF 0.0 - 0.0
Anions 1 cl 5.458696E-01 cl 5.458696E-01

2 S04 2.823520E-02 S04 2.823520E-02

3 HSO4 0.0 - 0.0

4 OH 8.0E-06 ALK 2.3044118E-03

5 Br 8.421E-04 Br 8.421E-04

6 HCO3 1.7177E-03 - 0.0

7 Cco3 2.390E-04 - 0.0

8 BOH4 1.008E-04 - 0.0

9 F 6.83E-05 F 6.83E-05
Neutrals | 1 BOH3 3.143E-04 B 4.151E-04

2 C02 9.6E-06 C (DIC) 1.9663E-03

3 HF 0.0 - 0.0

4 MgCO3 0.0 - 0.0

5 CaCo3 0.0 - 0.0

6 SrCO3 0.0 - 0.0

In the above table we have listed all the species in the MARCHEMSPEC seawater model. The model that
includes trace metals contains these same species, plus the trace metals and their complexes, and also
phosphate and silicate species.

In the next part of this document we list compositions of reference seawater expressed in terms of the totals
in the rightmost column above for a wide range of salinities.

Whichever way the composition of the seawater or other natural water solution is expressed, the input into
MARCHEMSPEC must be charge balanced. The simplest way to achieve this is, for any change A to the
alkalinity, is to add an equivalent A to one or more of the major cations. One or both of Na* or Ca?" are
reasonable choices. So, for example:

If AALK = —1.0E-4, then:
[Na'] becomes 0.4689674 + AALK = 0.4689674 — 1.0E-4 = 0.4688674
or:
[Ca®"] becomes 0.01028210 + AALK = 0.01028210 — 1.0E-4/2 = 0.0102321

Note that we only change [Ca®*] by half as much because it is doubly charged. The identical calculation can
be done on a molality basis.



3. Tables of Reference Seawater compositions (various salinities)

On this and the following pages we list amount content compositions of reference seawater over a wide
range of salinities. In the tables the column for OH is equivalent to the total alkalinity (ALK), that for
B(OH)s to total borate (B), and that for CO,* to total dissolved inorganic carbon (C).

These tables contain the values required for input into the MARCHEMSPEC functions for the iCalc values
5 and 7. In the input arrays the minor product species such as HSO4 and ion pairs are omitted and the
concentrations of the reactant species are therefore all total values. However, the executable standalone
programs read input data from files, and these data must include values for all species (even if zero). The
supplied data files for the standalone programs include equivalents of the tables below in which all the
necessary values are present.

Table 1a. Cation amount contents of reference seawater of various practical salinities.
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Table 1b. Anion amount contents of reference seawater of various practical salinities (Sal.).
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Note that the entries for HCOj5", CO3*, and B(OH)s have been set to zero and assigned to CO»* (total
dissolved inorganic carbon) and B(OH); (total borate) in Table 1¢. The column for OH is also the total
alkalinity (ALK).



Table 1c. Anion amount contents of reference seawater of various practical salinities (Sal.).
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.6854291E-04
.2472385E-04
.8090477E-04
.3708578E-04
.9326677E-04
.4944773E-04
.0562865E-04
.6180963E-04
.1799057E-04
.7417153E-04
.3035254E-04
.8653345E-04
.4271432E-04
.9889540E-04
.5507635E-04
.0112573E-03
.0674383E-03
.1236190E-03
.1798001E-03
.2359810E-03
.2921625E-03
.3483432E-03
.4045237E-03
.4607049E-03
.5168863E-03
.5730666E-03
.6292474E-03
.6854285E-03
.7416095E-03
.7977910E-03
.8539717E-03
.9101524E-03
.9663336E-03
.0225150E-03
.0786953E-03
.1348761E-03
.1910570E-03
.2472388E-03
.3034190E-03
.3596004E-03
.4157815E-03
.4719620E-03
.5281436E-03
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