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(57) ABSTRACT

A system and method for the substantially continuous mea-
surement of the total alkalinity of a sample solution, which
includes, equilibrating a sample solution and a gas at a
chosen CO, fugacity across a gas permeable membrane,
measuring the equilibrium pH of the equilibrated solution in
an optical cell using a spectrophotometric pH indicator and
calculating the total alkalinity of the solution from the
equilibrium pH measurement of the solution and a known
partial pressure of CO,.
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INTRODUCING A pH INDICATOR INTO A LIQUID SAMPLE TO FORM A
SAMPLE SOLUTION
205

¥

INTRODUCING THE SAMPLE SOLUTION INTO A CO, GAS PERMEABLE
TUBE POSITIONED WITH AN INTERIOR OF AN EQUILIBRATION
CHAMBER

INTRODUCING A GAS MIXTURE COMPRISING CO,AT A KNOWN
PARTIAL PRESSURE TO SURROUND THE CO,PERMEABLE TUBE IN THE
EQUILIBRATION CHAMBER

ALLOWING THE SAMPLE SOLUTION TO EQUILIBRATE WITH THE €O,
GAS MIXTURE UNTIL THE SAMPLE SOLUTION IS A CO, EQUILIBRATED
SAMPLE SCLUTION HAVING SUBSTANTIALLY THE SAME PARTIAL
PRESSURE AS THE CG; SURROUNDING THE CO, GAS PERMEABLE TUBE
IN THE EQUILIBRATION CHAMBER

INTRODUCING THE CO, EQUILIBRATED SAMPLE SOLUTION INTO AN
OPTICAL CELL FOR pH MEASUREMENTS

225

v

MEASURING AN ABSORBANCE RATIO OF THE pH INDICATOR IN THE

EQUILIBRATED SAMPLE SOLUTION AT A PLURALITY OF FREQUENCIE
230

¥

CALCULATING A TOTAL ALKALINITY OF THE LIQUID SAMPLE USING
THE ABSORBANCE RATIO MEASUREMENTS OF THE pH INDICATOR IN
THE EQUILIBRATED SAMPLE SOLUTION AND THE KNOWN PARTIAL
PRESSURE OF THE COy

FIG. 2
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CONTINUOUS ACID-FREE
MEASUREMENTS OF TOTAL ALKALINITY

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims priority to U.S. Provisional Patent
Application No. 62/297,441, entitled “Continuous Acid-
Free Measurements of Total Alkalinity”, filed on Feb. 19,
2016, the contents of which are herein incorporated by
reference.

FEDERALLY SPONSORED RESEARCH OR
DEVELOPMENT

This invention was made with Government support under
Grant No. PLR-1414586 awarded by the National Science
Foundation. The government has certain rights in the inven-
tion.

FIELD OF INVENTION

This invention relates to systems and methods for the
substantially continuous measurement of total alkalinity in
liquid samples.

BACKGROUND OF THE INVENTION

Seawater alkalinity, defined as a difference between the
excess concentrations of proton acceptors over proton
donors in 1 kg of seawater, is one of the important param-
eters in carbon dioxide systems. Due to its invariance during
CO, gas exchange and biological activity, alkalinity is
considered to be a cornerstone in analytical assessments of
oceanic CO, cycling. Anomalies of seawater alkalinity nor-
malized to salinity have been attributed to water mass
movement and/or dissolution of calcium carbonate.

Conventional systems and method for measuring seawa-
ter alkalinity usually involve acid titration of the bases to
carbonic acid end point by either a single step addition or
sequential stepwise addition. The multi-step titration method
is widely used on shipboard measurements due to its high
precision and automated operation. The combined speed and
simplicity of single-step titration with spectrophotometric
pH determinations for measurement of end point excess acid
has been shown. Such methods have greatly improved the
precision of alkalinity measurements. However, the end
point detection techniques currently known in the art require
accurate knowledge of end point pH without the influence of
CO, generated in titration steps and thus usually involve a
purge step. Such a step makes the automation of an online
instrument difficult. As such, the multipoint volumetric
titration method remains the standard procedure for discrete
sampling.

The current total alkalinity measurement techniques cur-
rently known in the art, such as the multipoint volumetric
titration method, are time consuming and as such, do not
lend themselves to a continuous analysis of a sample fluid
flow.

Therefore, current instrumentation for making total alka-
linity measurements is unsuitable for measurements in the
field and does not provide for a continuous flow analysis. In
addition, the obligatory use of acids in current practice is
hazardous and presents shipping problems. As such, equip-
ment currently known in the art for total alkalinity measure-
ments is complex, requires significant user expertise and the
resulting sample throughput capability is prohibitively slow.
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Accordingly, what is needed in the art is an improved
system and method for measuring the total alkalinity of a
sample liquid which overcomes the limitations of the prior
art systems.

SUMMARY OF INVENTION

In various embodiments, the present invention provides a
device and associated method for measuring the total alka-
linity (TA) of a liquid sample. The inventive total alkalinity
measuring device is smaller in size than conventional
devices, is highly portable, is inexpensive relative to con-
ventional devices, is conceptually and operationally simple
and does not require the use of strong acids. The system of
the present invention provides for the measurement of the
total alkalinity of a liquid sample, wherein a substantially
continuous measurement of the total alkalinity can be pro-
vided by allowing for the measurement of the total alkalinity
at a greater frequency than conventional devices.

In one embodiment, the present invention provides a
method for determining total alkalinity of a liquid sample.
The method includes, introducing a pH indicator into a
liquid sample to form a sample solution, and introducing the
sample solution into a CO, gas permeable tube positioned
within an interior of an equilibration chamber. The method
further includes, introducing a gas mixture comprising CO,
at a known partial pressure, or fugacity, to surround the CO,
gas permeable tube in the equilibration chamber. Following
the introduction of the CO, into the equilibration chamber,
the method further includes, allowing the sample solution to
equilibrate with the CO, in the gas mixture until the sample
solution is a CO, equilibrated sample solution having sub-
stantially the same partial pressure as the CO, surrounding
the CO, gas permeable tube in the equilibration chamber.
The CO, equilibrated sample solution is then introduced into
an optical cell and the optical cell is used for measuring an
absorbance ratio of the pH indicator in the equilibrated
sample solution at a plurality of frequencies. The total
alkalinity of the liquid sample is then calculated using the
absorbance ratio measurements of the pH indicator in the
equilibrated sample solution and the known partial pressure
of the CO.,.

In particular, the total alkalinity of the liquid sample using
the absorbance ratio measurements of the equilibrated
sample solution and the known partial pressure of the CO,
is calculated according to the equation:

log(T4+[H'])=log(KK /K;)+log pCO5+log [(R-e;)/
(e2-Res)]

where;

K, is the Henry’s law gas solubility constant, K, is a
carbonic acid dissociation constant, K, is the pH indicator
dye dissociation constant, pCO, is the known partial pres-
sure of the CO,, R is the measured absorbance ratio, and e,
and e, and e, are molar absorptivity ratios appropriate to the
pH indicator. In a specific embodiment, the pH indicator
may be a sulfonephthalein pH indicator and the liquid
sample may be seawater.

In an additional embodiment, the present invention pro-
vides a system for determining total alkalinity of a liquid
sample, which includes, an equilibration chamber, a CO, gas
permeable tube positioned within an interior of an equili-
bration chamber and a controlled source of a gas mixture
comprising CO, at a known partial pressure coupled to the
equilibration chamber. The system further includes, a con-
trolled source of a liquid sample coupled to an input of the
CO, gas permeable tube and a controlled source of a pH
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indicator coupled to an input of the CO, gas permeable tube.
The system further includes an optical cell coupled to an
output of the CO, gas permeable tube for measuring an
absorbance ratio of a pH indicator in an equilibrated sample
solution, provided at the output of the equilibration chamber,
at a plurality of frequencies and a processing device for
calculating a total alkalinity of the liquid sample using the
absorbance ratio measurements of the pH indicator in the
equilibrated sample solution.

In particular the processing device further includes soft-
ware for calculating the total alkalinity of the liquid sample
using the absorbance ratio measurements of the pH indicator
in the equilibrated sample solution and the known partial
pressure of the CO, according to the equation:

log(Z4+[H"])=log(K, K/K))+log pCO+log [(R—e )/
(e2-Re3)]

where;

K, is the Henry’s law gas solubility constant, K, is a
carbonic acid dissociation constant, K, is the pH indicator
dye dissociation constant, pCO, is the known partial pres-
sure of the CO,, R is the measured absorbance ratio, and e,
and e, and e, are molar absorptivity ratios appropriate to the
pH indicator.

Accordingly, the present invention provides an improved
system and method for measuring the total alkalinity of a
sample liquid which overcomes the limitations of the prior
art systems.

BRIEF DESCRIPTION OF THE DRAWINGS

For a fuller understanding of the invention, reference
should be made to the following detailed description, taken
in connection with the accompanying drawings, in which:

FIG. 1 is block diagram illustrating the system for mea-
suring the total alkalinity of a sample liquid, in accordance
with an embodiment of the present invention.

FIG. 2 is a flow diagram illustrating a method for mea-
suring the total alkalinity of a liquid, in accordance with an
embodiment of the present invention.

DETAILED DESCRIPTION OF THE
INVENTION

In the following detailed description of the preferred
embodiments, reference is made to the accompanying draw-
ings, which form a part hereof, and within which are shown
by way of illustration specific embodiments by which the
invention may be practiced. It is to be understood that other
embodiments may be utilized and structural changes may be
made without departing from the scope of the invention.

FIG. 1 illustrates an exemplary embodiment of a system
100 used for spectrophotometric measurements of total
alkalinity of a sample liquid, in accordance with the present
invention. In the embodiment illustrated in FIG. 1, the total
alkalinity measurement system 100 includes an equilibration
chamber 105 which includes a CO, permeable tube 150
positioned within the interior of the equilibration chamber
105. An input 120 of the CO, permeable tube 150 is coupled
to a controlled source 110 for providing either a sample
liquid 114 or a standard solution 112, as controlled by a
valve 192. The input 120 of the CO, permeable tube 150 is
also coupled to a controlled source 115 providing a pH
indicator 116. In a particular embodiment, the controlled
source 110 providing the sample liquid 114 or the standard
solution 112 may be a pump controlled by a valve 182 to
regulate the flow of the sample liquid 114 or the standard
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solution 112 into the CO, permeable tube 150 and the
controlled source 115 providing the pH indicator may be a
pump controlled by a valve 188 to regulate the flow of the
pH indicator into the CO, permeable tube 150.

The total alkalinity measurement system 100 additionally
includes, a source 180 controlled by a valve 186 to introduce
a gas mixture 118, comprising a predetermined percentage
of CO,, into the interior of the equilibration chamber 105 to
surround the CO, permeable tube 150. The partial pressure
or fugacity of the CO, is known, and in a particular embodi-
ment, the CO, concentration of the gas mixture 118 may be
about 30%. In this way, a stream of gas from the controlled
source 180, having a known CO, mole fraction, is intro-
duced into the interior of the equilibration chamber 105 and
the CO, is allowed to equilibrate within the equilibration
chamber 105. The equilibration chamber 105 may further
include a pressure gauge 195 positioned to monitor the
internal pressure inside the equilibration chamber 105. As
such, the partial pressure or fugacity of the CO, within the
equilibration chamber 105 is known and can be used for the
subsequent calculation of the total alkalinity (TA).

In operation of the present invention, the valve 192 is
positioned to select the sample liquid 114, the valve 182
coupled to the pump 110 supplying the sample liquid 114 is
opened and the valve 180 controlling the pH indicator 116
is opened, thereby allowing the sample liquid 114 and the
pH indicator 116 to mix and form a sample solution 122. The
sample solution is then introduced at an input 120 into the
CO, permeable gas tube 150 positioned within the interior of
the equilibration chamber 105. The valve 186 controlling the
gas mixture 118 is also opened and the gas mixture 118
having a known partial pressure of CO, is introduced into
the interior of the equilibration chamber 105. The sample
solution 122 is then allowed to equilibrate with the CO, in
the gas mixture until the sample solution is a CO, equili-
brated sample solution having substantially the same partial
pressure as the CO, surrounding the CO, gas permeable tube
in the equilibration chamber. As such, the CO, partial
pressure of the liquid sample is established using a stream of
gas, having a known CO, mole fraction that equilibrates
with the sample solution as it flows through the CO,
permeable gas tube 150. The length of the CO, permeable
gas tube 150 is sufficient to allow for the equilibration of the
sample solution as it is pumped through the CO, permeable
gas tube 150. In a particular embodiment, the CO, perme-
able gas tube 150 is 2-m in length and is a gas-permeable
silicon tube that is coiled inside the equilibration chamber
105.

Following equilibration, the CO, equilibrated sample
solution 124 is then introduced at an input 135 of an optical
cell 130 through an output 125 of the CO, permeable gas
tube 150, controlled by a valve 184.

In one embodiment, the optical cell 130 includes a first
optical fiber 147 positioned partially within an interior of a
polyether ether ketone (PEEK) cell casing at a first end 134
of the casing 130 and a second optical fiber 155 positioned
partially within the interior of the cell optical cell 130 at a
second end 136 of the optical cell 130. The first optical fiber
147 is substantially aligned with the second optical fiber
155. An optical channel 145 is formed within the optical cell
130, such as a bore hole, to allow the equilibrated sample
solution 124 to flow through the optical cell 130. A light
source 150 is coupled to the first optical fiber 147 and a
spectrophotometer 160 is coupled to the second optical fiber
155. The spectrophotometer is coupled to a processing
device 170. PEEK is known in the art as an organic



US 10,060,891 B1

5

thermoplastic polymer in the polyaryletherketone (PAEK)
family, which is commonly used in engineering applications.

The optical cell 130 is configured to measure an absor-
bance ratio of the pH indicator in the equilibrated sample
solution 124 at a plurality of frequencies, using the light
source 150 and the spectrophotometer 160. The processing
device 170 is configured to calculate a total alkalinity of the
liquid sample using the absorbance ratio measurements of
pH indicator in the equilibrated sample solution and the
known partial pressure of the CO,. The processing device
170 may be any one of a variety of custom-designed
electronics providing instrument control and data processing
that automates many of the process that would normally be
performed manually, such as a microcontroller comprising
firmware and/or software for automation of the equilibration
and TA measurement processes. Since the fugacity of the
CO, (f{CO,) of the sample solution with the CO, permeable
tube and the gas surround the tube are identical at equilib-
rium, the total alkalinity (TA) of the liquid sample inside the
CO, permeable tube can be calculated from known thermo-
dynamic relationships. Using the processing device 170, the
total alkalinity (TA) of the sample solution is calculated
from the measured absorbance ratios according to the equa-
tion:

log(TA+[H"))=log(KoK /K;)+log pCO5+log [(R-e;)/
(e2-Re3)]
where;

K, is the Henry’s law gas solubility constant, K, is a
carbonic acid dissociation constant, K, is the pH indicator
dye dissociation constant, pCO, is the known partial pres-
sure of the CO,, R is the measured absorbance ratio, and e,
and e, and e, are molar absorptivity ratios appropriate to the
pH indicator.

As such, in the present invention, the CO, partial pressure
of the liquid sample at equilibrium is determined from the
CO, mole fraction of the gas and the measured total pressure
in the equilibration chamber 105. The total alkalinity mea-
surement system of the present invention can achieve mea-
surement precisions on the order of 1 micromole/kg. With a
CO, partial pressure on the order of 0.30, the final pH of the
equilibrated sample solution is on the order of 5.3 or less, in
which case effectively all of the sample solution is in the
form of bicarbonate. As such, the total alkalinity (TA) of the
liquid sample can be measured using the above referenced
formula. The system of the present invention allows for
equilibration and continuous measurements of TA.

In accordance with the TA measurement system of the
present invention, substantially continuous TA measure-
ments of the liquid sample can be performed in the optical
cell 130 as the flow of the liquid sample is being equilibrated
in the equilibration chamber 105.

In a particular embodiment, the liquid sample may be
seawater. However, this is not meant to be limiting and other
liquid samples are within the scope of the present invention.

In a particular embodiment, the pH indicator is bromo-
cresol purple (BCP). This indicator has been used for
laboratory measurements of seawater alkalinity with a pre-
cision better than =1 umol kg™'. The absorbance character-
istics and dissociation behavior of BCP has been measured
in both freshwater and seawater media. With an indicator
pK;near 5.8 in seawater media, BCP is ideally suited for pH
measurements between 5 and 6.

The optical cell 130 further includes an output 140 for
releasing the sample solution from the optical cell 130 after
the total alkalinity measurements and calculations have been
performed for the sample solution.
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In order to provide a baseline for the TA measurements of
the liquid solution, in one embodiment, a baseline TA
measurement of the liquid solution is performed without the
addition of the pH indicator dye. In this embodiment, the
liquid sample is provided directly to the optical cell 130
through bypass tubing 190 that does not pass through the
equilibration chamber 105.

In order to calibrate the total alkalinity system 100, the
system may further include a controlled source 112 of a total
alkalinity standard solution that may be provided to the
optical cell 130 through a valve 192. The total alkalinity
standard solution is a solution (or solutions) of known total
alkalinity (TA). The TA values of such solutions can be
measured independently using conventional titration proce-
dures, involving the additions of acid to an endpoint, as is
known in the art. Alternatively, the total alkalinity solutions
can be purchased. In an additional embodiment, the TA of
TA standard solutions (which are weakly alkaline) can be
measured using the optical cell 130 and can be used to verify
that the acid-free TA measurement system of the present
invention is performing properly. TA standard solutions can
also be used to monitor potential instrumental drift and to
correct for any undetected changes in the CO, partial pres-
sure (pCO,) of the gas that is used for the TA measurements.
In a particular embodiment, the TA measurement system
could be programmed to autonomously measure the TA of a
standard solution after a specified number of TA sample
liquid measurements.

In a specific embodiment for measuring the TA of sea-
water, the TA standard solutions for seawater measurements
can be natural seawater solutions that are titrated with acid
to determine the TA of the seawater that will be used as a
standard. These standards will be quite stable because TA is
invariant when CO, enters or leaves a solution.

In an additional embodiment for measuring the TA of
freshwater, the TA standard solutions for freshwater can be
generated by simply adding sodium carbonate (Na2CO3) to
pure water (along with some amount of sodium chloride,
NaCl) to establish the ionic strength of the standard (thereby
generating a well-defined ionic medium).

The system for measuring total alkalinity 100 may further
include various gas connectors, restrictors and regulators for
controlling flow rates, and devices for measuring tempera-
ture (air and liquid) and gas pressure.

FIG. 2 is a flow diagram illustrating a method for mea-
suring the total alkalinity of a sample solution in accordance
with the present invention. With reference to FIG. 2, in
accordance with the present invention, a method 200 for
measuring the total alkalinity of a sample solution using an
equilibration chamber and an optical cell is provided.

As illustrated in FIG. 2, a first step of the inventive
method includes, introducing a pH indicator into a liquid
sample to form a sample solution 205. As shown with
reference to FIG. 1, this method step may be performed by
the present invention, wherein the liquid sample 114 may be
provided by a pump 110, which is controlled by a valve 182
and the pH indicator may be provided by another pump 115,
which is controlled by a valve 188.

Following the formation of the sample solution, the
method continues at step 210 of FIG. 2 by introducing the
sample solution into a CO, gas permeable tube positioned
within an interior of an equilibration chamber. With refer-
ence to FIG. 1, this method step may be performed by the
present invention, wherein the sample liquid 114 may be
provided at an input 120 to the CO, gas permeable tube 150
positioned within an interior of an equilibration chamber
105.
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Before, after, or substantially simultaneously with the
introduction of the sample solution, the method of the
present invention continues at step 215 by introducing a gas
mixture comprising CO, at a known partial pressure to
surround the CO, gas permeable tube in the equilibration
chamber. As shown in FIG. 1, this method step may be
performed by the present invention, wherein the gas mixture
118 may be provided by a controlled source 180 through a
valve 186 to provide the gas mixture to the interior of the
equilibration chamber 105. The method continues at step
220 by allowing the sample solution 122 consisting of
sample liquid 114 and pH indicator 116 to equilibrate with
the CO, in the gas mixture until the sample solution is a CO,
equilibrated sample solution having substantially the same
partial pressure as the CO, surrounding the CO, gas perme-
able tube in the equilibration chamber 105.

Following the equilibration of the sample solution, the
method continues at step 225 by introducing the CO,
equilibrated sample solution into an optical cell. As shown
in FIG. 1, this method step may be performed by the present
invention, wherein the CO, equilibrated sample solution 124
may be provided to an input 135 of the optical cell 130
through an output 125 of the CO, gas permeable tube 150.

After the equilibrated sample solution has been intro-
duced into the optical cell, the method continues at step 230
by measuring an absorbance ratio of the pH indicator in the
equilibrated sample solution at a plurality of frequencies. As
shown in FIG. 1, this method step may be performed by the
present invention, wherein the light source 150, in combi-
nation with the spectrophotometer 160, the first optical fiber
147, the second optical fiber 155 and the optical channel
145, are used to measure the absorbance ratios of the pH
indicator in the equilibrated sample solution 124.

After the spectrophotometer measurements have been
taken, the method continues at step 235 by calculating a total
alkalinity of the liquid sample using the absorbance ratio
measurements of the pH indicator in the equilibrated sample
solution and the known partial pressure of the CO, 235. As
illustrated in FIG. 1, this method step may be performed by
the present invention, wherein the processing device 170 is
used to perform the calculations of the total alkalinity (TA)
of the sample solution from the measured absorbance ratios
according to the equation:

log(TA+[H"))=log(KoK /K;)+log pCO5+log [(R-e;)/
(e2-Re3)]
where;

K, is the Henry’s law gas solubility constant, K, is a
carbonic acid dissociation constant, K, is the pH indicator
dye dissociation constant, pCO, is the known partial pres-
sure of the CO,, R is the measured absorbance ratio, and e,
and e, and e, are molar absorptivity ratios appropriate to the
pH indicator.

With the system and method of the present invention, the
total alkalinity of a sample liquid can be measured by first
pre-equilibrating the sample solution and a gas at a chosen
CO, fugacity across a gas permeable membrane. As soon as
the solution and CO, gas are equilibrated, the pH of the
solution, such as seawater, is then measured in an optical cell
using a spectrophotometric indicator, such as bromocresol
purple. CO, gas, having a known mole fraction, flows
outside of the tubing that contains the solution/seawater. In
conjunction with measurements of total atmospheric pres-
sure, this allows the CO, fugacity of the gas to be precisely
and accurately calculated. When equilibrium between the
solution inside the tubing and the gas outside the tubing has
been achieved, and the equilibrium pH of the sample is
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measured, the total alkalinity (TA) can be calculated. With
the partial pressure of CO, (pCO,) being constant and
known, the equilibrium pH measurement allows direct cal-
culation of total alkalinity (TA).

The total alkalinity measurement device of the present
invention allows for substantially continuous measurements
of total alkalinity without the use of strong acids, and
without the use of devices to accurately measure the relative
or absolute amounts (volumes) of acids and measured solu-
tions. It is simple, has very few moving parts, and should
greatly reduce cost and the need for user expertise.

The present invention provides a field portable device has
been developed for high frequency, precise and accurate
measurements of total alkalinity. The device is suitable for
small boat operations, measurements on shorelines and work
in the laboratory.

It will be seen that the advantages set forth above, and
those made apparent from the foregoing description, are
efficiently attained and since certain changes may be made
in the above construction without departing from the scope
of the invention, it is intended that all matters contained in
the foregoing description or shown in the accompanying
drawings shall be interpreted as illustrative and not in a
limiting sense.

It is also to be understood that the following claims are
intended to cover all of the generic and specific features of
the invention herein described, and all statements of the
scope of the invention which, as a matter of language, might
be said to fall therebetween. Now that the invention has been
described,

What is claimed is:
1. A method for determining total alkalinity of a liquid
sample, the method comprising:
introducing a pH indicator into a liquid sample to form a
sample solution;
introducing the sample solution into a CO, gas permeable
tube positioned within an interior of an equilibration
chamber;
introducing a gas mixture comprising CO, at a known
partial pressure to surround the CO, gas permeable tube
in the equilibration chamber;
allowing the sample solution to equilibrate with the CO,
in the gas mixture until the sample solution is a CO,
equilibrated sample solution having substantially the
same partial pressure as the CO, surrounding the CO,
gas permeable tube in the equilibration chamber;
introducing the CO, equilibrated sample solution into an
optical cell, wherein the CO, equilibrated sample solu-
tion is provided via an output of the CO, gas permeable
tube in the equilibration chamber to an input of the
optical cell;
measuring an absorbance ratio of the pH indicator in the
equilibrated sample solution at a plurality of frequen-
cies; and
calculating a total alkalinity of the liquid sample using the
absorbance ratio measurements of the pH indicator in
the equilibrated sample solution and the known partial
pressure of the CO,.
2. The method of claim 1, wherein the pH indicator is a
sulfonephthalein pH indicator.
3. The method of claim 1, wherein the liquid sample is
seawater.
4. The method of claim 1, further comprising determining
a baseline total alkalinity of a liquid sample, wherein the
determining the baseline total alkalinity of the liquid sample
comprises:
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introducing the liquid sample without a pH indicator into

the optical cell;
measuring an absorbance ratio in the liquid sample with-
out the pH indicator at a plurality of frequencies; and

calculating the baseline total alkalinity of the liquid
sample using the absorbance ratio measurements of the
liquid sample.

5. The method of claim 1, further comprising determining
a total alkalinity of total alkalinity standard solutions,
wherein the determining a total alkalinity of total alkalinity
standard solutions comprises:

introducing a pH indicator into a standard solution having

a known total alkalinity to form a standard solution
sample;

introducing the standard solution sample into the optical

cell;

measuring an absorbance ratio in the standard solution at

a plurality of frequencies;

calculating a total alkalinity of the standard solution.

6. The method of claim 1, wherein the gas mixture
comprises approximately 30% CO.,.

7. The method of claim 1, wherein the introducing a gas
mixture comprising CO, at a known partial pressure to
surround the CO, gas permeable tube in the equilibration
chamber further comprises introducing the gas mixture
having a known CO, mole fraction at a controlled rate.

8. The method of claim 1, wherein the CO, known partial
pressure is on the order of 0.30.

9. The method of claim 1, wherein calculating a total
alkalinity of the liquid sample using the absorbance ratio
measurements of the pH indicator in the equilibrated sample
solution and the known partial pressure of the CO, accord-
ing to the equation:

log(TA+[H*])=log(KoK /K;)+log pCO»+log [(R-e;)/
(e2-Re3)]

where;

K, is the Henry’s law gas solubility, K, is a carbonic acid
dissociation constant, K; is the pH indicator dissocia-
tion constant, pCO, is the known partial pressure of the
CO,, R is the measured absorbance ratio, and e, and e,
and e, are molar absorptivity ratios appropriate to the
pH indicator.

10. A system for determining total alkalinity of a liquid

sample, the system comprising:

an equilibration chamber;

a controlled source of a gas mixture comprising CO, at a
known partial pressure coupled to the equilibration
chamber;

a CO, gas permeable tube positioned within an interior of
the equilibration chamber;

a controlled source of a liquid sample coupled to an input
of the CO, gas permeable tube;

a controlled source of a pH indicator coupled to an input
of the CO, gas permeable tube;

an output of the CO, gas permeable tube coupled to an
input of an optimal cell;

an optical cell for measuring an absorbance ratio of the pH
indicator in an equilibrated sample solution, provided
from the output of the CO, gas permeable tube to the
input of the optical cell, at a plurality of frequencies;
and

a processing device for calculating a total alkalinity of the
liquid sample using the absorbance ratio measurements
of the pH indicator in the equilibrated sample solution.

11. The system of claim 10, wherein the pH indicator is

a sulfonephthalein pH indicator.
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12. The system of claim 10, wherein the liquid sample is
seawater.

13. The system of claim 10, further comprising a con-
trolled source of a standard solution coupled to the optical
cell, the standard solution for performing calibration of the
system.

14. The system of claim 13, wherein the controlled source
of the liquid sample, the controlled source of the pH
indicator and the controlled source of the standard solution
comprises a pump and a valve.

15. The system of claim 10, wherein the system further
comprises:

a first optical fiber positioned partially within the optical

cell;

a light source coupled to a first end of the first optical

fiber;

a second optical fiber positioned partially within the

optical cell;

an optical channel positioned between a second end of the

first optical fiber and a first end of the second optical
fiber;

a spectrophotometer coupled to a second end of the

second optical fiber; and

a processing device coupled to the spectrophotometer.

16. The system of claim 10, wherein the source of a liquid
sample is further coupled to the optical cell and wherein the
optical cell is further for measuring absorbances of the liquid
sample without the pH indicator and the processing device
is further for calculating a baseline for total alkalinity
measurements of the liquid sample.

17. The system of claim 10, wherein the gas mixture
comprises approximately 30% CO,.

18. The system of claim 10, wherein the CO, known
partial pressure is on the order of 0.30.

19. The system of claim 10, wherein the processing device
further comprises software for calculating total alkalinity of
the liquid samples using the absorbance ratio measurements
of the equilibrated sample solution and the known partial
pressure of the CO, according to the equation:

log(TA+[H"))=log(KoK /K;)+log pCO5+log [(R-e;)/
(e2-Res)]

K, is the Henry’s law gas solubility constant, K, is a
carbonic acid dissociation constant, K, is the pH indi-
cator dissociation constant, pCO, is the known partial
pressure of the CO,, R is the measured absorbance
ratio, and e, and e, and e, are molar absorptivity ratios
appropriate to the pH indicator.

20. A method for determining total alkalinity of a liquid

sample, the method comprising:

introducing a pH indicator into a liquid sample to form a
sample solution;

introducing the sample solution into a CO, gas permeable
tube positioned within an interior of an equilibration
chamber;

introducing a gas mixture comprising CO, at a known
partial pressure to surround the CO, gas permeable tube
in the equilibration chamber;

allowing the sample solution to equilibrate with the CO,
in the gas mixture until the sample solution is a CO,
equilibrated sample solution having substantially the
same partial pressure as the CO, surrounding the CO,
gas permeable tube in the equilibration chamber;

introducing the CO, equilibrated sample solution into an
optical cell, wherein the CO2 equilibrated sample solu-
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tion is provided via an output of the CO, gas permeable
tube in the equilibration chamber to an input of the
optical cell;

measuring an absorbance ratio of the pH indicator in the
equilibrated sample solution at a plurality of frequen- 5
cies;

calculating a total alkalinity of the liquid sample using the
absorbance ratio measurements of the pH indicator of
the equilibrated sample solution and the known partial
pressure of the CO, according to the equation: 10

log(TA+[H*])=log(KoK /K;)+log pCO»+log [(R-e;)/
(e;=Re3)]

K, is the Henry’s law gas solubility constant, K, is a
carbonic acid dissociation constant, K; is the pH indi-
cator dissociation constant, pCO, is the known partial
pressure of the CO,, R is the measured absorbance
ratio, and e, and e, and e; are molar absorptivity ratios
appropriate to the pH indicator.
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