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Electrochemical méthod for determining the total carbonate content especially in biological fluids. According to the

invention, using an ion-selective electrode, the concentration

of certain ions dissociable from carbon acid or affecting the

dissociation balance is first measured for the fluid. The fluid is then mixed with another fluid containing a reactive compo-
nent that changes the ionic concentration just measured, whereupon the said concentration is again measured by means of

an ion-selective electrode, thus producing two different measurement

be determined. The measurement preferably relates to the p

results, from which the total carbonate content can
H of the fiuid, while metallic ions such as CuZ+, forming a

complex with hydrocarbonate ions, are used as the component to be added to alter the pH.
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METHOD FPOR DETERMINATION OF TOTAL CARBONATE CONTENT ESPECIALLY IN
BIOLOGICAL FLUIDS

The present 1invention concerns a method for determining the total
carbonate content especially in biological fluids, wusing an 1ion-
selective electrode for the measurement.

The biological fluids referred to are, in particular, human bloecd
and urine, which are analyezed to determine their carbonate content

for diagnostic purposes.

The methods currently used for electrochemical determination of the
carbonate content in fluids are based on two fundamental solutions.
One of these uses an electrode designed for sensing carbon dioxide
(COs), while the other uses an electrode sensitive to carbonate

ions.

The first solution is represented by US patent 4 490 234, which
proposes a method for determination of the total carbonate content
of a fluid involving measurement of the amount of carbon dioxide in
the fluid by means of an element consisting of a renewable
electrolyte disposed between a gas-permeable membrane and an ion-
selective electrode. In this method, the sample fluid is premixed
with an acid to release carbon dioxide. The gassed sample is then
pumped toward the said element, while at the same time the
electrolyte 1is also circulated by pumping. When the sample reaches
the element, the pumping is stopped. The gas then diffuses through
the membrane into the electrolyte solution, and the change occurring
in the latter 1s measured by the ion-selective electrode and
translated into a total carbonate content value. The disadvantages
of this method are the need for a two-channel fluid pumping system
and the use of a gas-permeable membrane, which may be blocked with
time by constituents in the sample, such as proteins.
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The second solution is represented by US patent 4 196 056, which
involves the use of an 1ion-selective carbonate electrode. As
‘described in-the patent publicvation, the-sample is premixed with a
PM buffer solution containing s mercury/EDTA complexone. This has
the main effect of producing carbonate ions, which are then sensed
by the said electrode. The drawbacks of this method are related 1in
the first place to the imperfections of the ion-selective electrode,
such as 1instability of ‘the signal, 1long 'response time, short
durability and sensitivity to other ions and substances.

The object of the present invention is to provide a new method for
determining the total carbonate content of a fluid in a simple, fast
and accurate manner without the above-mentioned disadvantages of
~existing ‘methods. -The invention "is characterized in-that ‘the -fluid
is first subjected to &a measurement, using an ion-selective
'electrode. of the concentration of certain ions dissociable from
carbon acid or affecting the dissociation balance, that fhe fluid is
then mixed with another fluid containing a resctive component that
changes the concentration of said ions thus measured, and that after
the mixing the said ionic concentration is again measured by means
of &an ion-selective electrode. thus producing two different
-measurement results, from which:the total -carbonate content can be
determined.

The method of the invention allows concentration measurements
without generation of gases. The advantage of this is that no
accurate pressure control and no dialysis membrane 1s necessary.
'iThis':pbviates5the“@angerch%mémbr&neﬁﬁlockages, which present. :the
worst problems with the existing methods. o

Further, an essential feature in the method of the invention is that
the determination of the carbonate content is based on the chemical
.lawsﬁgoverﬁinz?&heﬂbalance;bf}ﬁiffenentfionsﬁimya;:fluiﬂ,;,1ie.r“the
method has an exact scientific foundation ensuring reliable results.
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An embodiment of the method of the invention is characterized 1in
that it uses a fluid containing ions of a metal, e.g. Cu2*, Pb2+,
Cd2+, Mn2* or 2n2*, which form & complex with carbonate or
hydrocarbonate ions. Copper ions are particularly suitable, since
reagents containing copper ions are stable and inexpensive. A copper
ion reacts with a hydrocarbonate ion as follows:

Cu2* + 2 HCO3 ——> CuCO3 + HpCOj3

A similar preaction also occurs with the other metallic ions
mentioned above. Thus in all cases the reaction involves ions only

and is very fast.

Another embodiment of the method of the invention is characterized
in that the electrochemical concentration measurement relates to
hydrogen ions, in other words, that the pH of the fluid containing
carbonate 1is measured. The measurement can be performed using e
glass electrode, which, unlike the electrodes normally used for
testing Dbiological fluids, is fast, accurate and free of

interference in operation.

In an advantageous embodiment of the method of the invention, the
carbonate content is determined by using a device consisting of two
cascade-connected measuring cells, the fluid containing carbonate
being stopped in the first cell, where the concentration of given
ions, such as hydrogen ions, is measured with an ion-selective
electrode incorporated in the cell, from where the fluid is then
pumped into the second cell, where it 1s stopped and the said ionie
concentration is again measured with an ion-selective electrode
incorporated in the cell, the fluid being mixed between the two
cells with another fluid containing a component, e.g. metallic ions
forming & complex with carbonate or hydrocarbonate ions, altering
the said ionic concentration. The necessary fluid motion can be
achieved with a single one-channel peristaltic pump, and in general
the required equipment is simple in construction.
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The second fluid to be added to the fluid wunder carbonate
measurement preferably contains metallic ions such as copper, lead;
cadmium, manganese or zinc ions in the form of a dissolved salt,
e.g. & nitrate with & concentration in the range of 1x10-3M -
2.5%x1072M, said ions forming a complex with the carrier electrolyte,
-e.g. potassium nitrate, which may have a concentration in the range
of 0.15M-1M, and a substance inhibiting secondary reactions of the
metallic ions, e.g. hydrogen peroxide or Fe3* ions, preferably in a
concentration of 1x10-4 - 1x10-1M.

In the Pollowing, the invention is described in greater detail by
the aid of an example, reference being made to the drawing attached,
showing 8 diagram of set of equipment designed for applying the
method of the invention. ' :

The equipment shown in the drawing comprises s measurihg cell 1,
which 1is provided with an ion-selective electrode ISE1 and s
reference electrode REF1l. the potential difference between these
i‘b:ei'ﬁxi:5measnred--am1?th--;:3::ipo,tent;d;dmetérﬂnv:l:,- +agecond measuring cell 2,
" which is provided with an ion-selective electrode ISE2 and a
reference electrode REF2, the potential difference between these
being measured with a potentiometer mV2, and tubes &, 5 6,
connected to & pump 3 and serving to pass the fluid sample through
the measuring cells. The tube 5 between the two cells is provided
With;;avvalvef?fcbmmuntpatimgﬂmixh*asbranchftuhe*B,-fihronghéwhich'a
second fluid can be added to the fluid flowing in the tube 5 between
the cells. The potential differences measured in the two cells are
transmitted to & computer or & similar calculating device via the
potentiometer output conductors, identified with reference number 9
- 4n ‘the drawing. '

In the most advatageous application of the invention, the 'fluid
sample, e.g. & blood sample, for which the total carbonate content
48 - tobe found out, “is-passed viaithe tubes 4, -5, "6 through the
measuring cells 1 and 2, and & potentiometric pH measurement is
performed in both cells, ﬁsing glass electrodes sensitive to
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hydrogen ions. For each measurement, the sample is stopped in the
cell. Between the cells, a second fluid, introduced via the tube 8,
is added to the sample. This second fluid is preferably a reagent,
e.g. a mild copper nitrate solution, containing divalent copper
ions, potassium nitrate as a carrier electrolyte and hydrogen
peroxide to inhibit secondary reactions of the copper ions. The
copper ions react with hydrocarbonate ions contained in the sample
in the manner expressed by the equation on page 3, thus consuming
hydrocarbonate ions and producing carbon acid, thereby altering the
pH of the sample. Therefore, the pH measurement in the second cell 2
vields a result different from that obtained in the first cell 1.
and the total carbonate content of the sample can be calculated from

these two results.

The total carbonate content CL is calculated from the formula:

1+ 2[H"] K
cL = g . 2°11
[H°] Ky ) 1
x [>%
HL(H) H,L(H)

where Q is a constant determined by the size of the sample and the
quantity and concentration of the reagent employed, and where

BuL(h), = —2—— + 1+ k [W'],

1 +
k(071

o( _ 1 1
H2L(H)1 = + + 1

+92 +
S L b S LA
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The subscripts "i" and "2" in the formulas above refer to the PpH
measurements in cells 1 and 2 respectively. The constants Q and Kg
are calculated beforehand from the formula (I) and using two buffer
solutions with & known Cf value. Once the constants have been
determined, the formula can be used to calculate the total carbonate
content Cp. | | -

It 4s. obvious to a -person-skilled in ‘the-art that the embodiments of
the invention are not restricted to the example described above.'but
that they may instead be varied in the scope of the claims presented
below. Thus it is possible that instead of copper ions, other ions
forming & complex with carbonate or hydrocarbonate ions are used,
e.g. Pb2*, (Cd2*, Mn2* or Zn2* ions, or that instead of the pH, the
xconcentration iof ‘hydrocarbonate :or ‘carbonate ions ls-measured in.the
cells. Further, it is possible to interchange the sample containing
carbonate and the reagent, such as the mentioned reagent containing
copper iong, so that the reagent is first brought into the measuring
cell 1, where its copper content is measured with a suitable copper-
~gelective jelectrode, : whereupon the sample:containing carbonate: is
added to the reagent via the tube 8 and the copper content of the
mixture thus obtained is measured in the second cell 2 with a
copper-selective electrode. The total carbonate content of the
sample ‘canthen-be calculated from tﬁe@meésureméntiresuits:bbtained.

o
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CLAIMS

1. Method for determining the total carbonate content especially in
biological fluids, using an ion-selective electrode for the
measurement, characterized in that the concentration of certain ions
dissociable from carbon acid or affecting the dissociation balance
is first measured for the fluid by means of an ion-selective
electrode, that the fluid is then mixed with another fluid
containing a reactive component that changes the concentration of
said ions just measured, and that after the mixing the said 1ionic
concentration is again measured by means of an 1ion-selective
electrode, thus producing two different measurement results, from
which the total carbonate content can be determined.

2. Method according to claim 1, characterized in that it uses a
fluid containing metallic ions, e.g. Cu2*, Pb2*, Cd2*, Mn2* or Znl+,
which form a complex with carbonate or hydrocarbonate ions.

3. Method according to claim 1 or 2, characterized in that the pH of
the fluid containing carbonate 1s measured.

L. Method according to one of the claims above, characterized in
that the carbonate content is determined by using a device
comprising two cascade-connected measuring cells, whereby the fluid
containing carbonate 1is stopped in the first cell, where the
concentration of given ions, such as hydrogen ions, is measured with
an ion-selective electrode incorporated in the cell, from where the
fluid is then pumped into the second cell, where it is stopped and
the said ionic concentration is again measured with an ion-selective
electrode incorporated in the cell, the fluid being mixed between
the two cells with another fluid containing a component, e.g.
metallic ions forming a complex with carbonate or hydrocarbonate

ions, altering the said ionic concentration.
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5. Method accordihg to claim 2 or u.'charact.rizod in that the said
second fluid contains metallic ions such as copper, lead, cadmium,
manganese or zine ions in the form of a dissolved salt, e.g; a
nitrate, which form a complex with the carrier electrolyte, e.g.
potassium 'nitrate, and a substance, e.g. hydrogen peroxide. or
Fed* ions, inhibiting secondary reactions of said metallic

ions.
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AMENDED CLAIMS
[received by the International Bureau on 29 February 1988 (29.02.88)
original claims 1-5 replaced by amended claims 1-4 (2 pages)]

1. Method for determining the total carbonate content
especially in biological fluids, the method comprising the
steps of measuring the concentration of an ion contained in a
fluid, said ion being dissociable from carbon acid or affect-~
ing the dissociation balance and said measurement being
carried out by means of an ion-selective electrode, then at a
second step mixing the fluid with another fluid containing a
reactive component that changes the concentration of said ion
measured at the first step and after the mixing measuring the
said ionic concentration anew by means of an ion-selective
electrode, thus producing two different measurement results
from which the total carbonate content can be determined,
characterized in that the method uses a fluid containing
metallic ions such as Cu2+, Pb2+, Cd2+, Mn2+ or Zn2+, which

form a complex with carbonate or hydrocarbonate ions.

2. Method according to claim 1, characterized in that the pH

of the fluid containing carbonate is measured.

3. Method according to claim 1 or 2, characterized in that
the carbonate content 1is determined by wusing a device
comprising two cascade-connected measuring cells, whereby the
fluid containing carbonate is stopped in the first cell,
where the concentration of given ions, such as hydrogen ions,
is measured with an ion-selective electrode incorporated in
the cell, from where the fluid is then pumped into the second
cell, where it is stopped and the said ionic concentration is
again measured with an ion-selective electrode incorporated
in the cell, the fluid being mixed between the two cells with
another fluid containing metallic ions forming a complex with

carbonate or hydrocarbonate ions, altering the said ionic

concentration.

4. Method according to claim 1 or 3, characterized in that

the said second fluid contains metallic ions such as copper,
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lead, cadmium, manganese or zinc ions in the form of a
dissolved salt, e.g. a nitrate, which form a complex with the
¢carriér:ehectrolyte,ﬁe.g::potassiumznitrate; and =& substance,
e.g. hydrogen peroxide or Fe3+ ions, inhibiting secondary

reactions of said metallic ions.
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