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Summary: The reliability of the Ektachem DT 60 with the DTE module was evaluated. The precision of the
determination of sodium, potassium and Chloride in serum was adequate. The relative Standard deviation for
precision between days was Na+ 0.7%, K+ 1.5% and Cl" 1.0%. The means of the Ektachem results for 7
control sera differed frpm those of the reference method values by 0.9% (Na+), -0.9% (K+) and +4.4%
(Cl~). Siniilar results were obtained for the analysis of patient sera.

The influence of protein was investigated, using sera of increasing protein concentration prepared by
ultracentrifugation. The results from the Ektachem corresponded to the values obtained by flame atomic
emission spectrometry, even at high protein concentrations, although Ektachem measurements are performed
by ion-selective electrodes without predilution. In paraproteinaemia, the Ektachem and fläme atomic emission
spectrometry results disagreed. Chloride determinations by Ektachem distinctly differed from measurements
of the Chloride conpentration in total serum.

It is proposed that ion-selective electrodes should be calibrated and linearized with respect to sodium chloride,
in order to obtain an accurate value for the concentration of electrolyte in serum water. Concentrations are
easier to Interpret than "activities" for therapeutical purposes, and they can be used to define protein- and
lipid-independent reference intervals for these electrolytes. With this calibration procedure, the results from
ion-selective electrodes are neVer lower than values obtained by flame atomic emission spectrometry. The
accuracy of ion-selective electrode measurements should be evaluated by applying reference methods for
sodium, potassium and chloride to the ultracentrifugation supernatant of the corresponding serum. This
approach can help to settle the dispute concerning the influence of protein on the residual liquid junction
Potential.

Introduction sibj^ tQ ^etermine electrolytes with ion-selective elec-
Fifteen years ago determinations of sodium and po- trodes in combination with carrier-bound reagents,
tassium were almost exclusively performed by flame using the KODAK Ektachem System. In this study
atomic emission spectrometry. Since then measure- the reliability of the sodium, potassium and chloride
ments by ion-selective electrodes have become more determinations by the KODAK Ektachem System was
and more populär. More recently, it has become pos- evaluated, by using the reference methods of the Na-
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In the latter case (b), electrolyte composition is not
altered, in contrast to the shifts that occur in ultra-
centrifugation (a). Primary Standard Solutions can be
used for calibration of the ion selective electrodes.
Changes in protein and hydrogen carbonate binding,
äs well äs changes of the activity coefficient are not
taken into account, but they are known to be very
small in blood. Determination of the molal concen-
tration of Chloride by ion selective electrodes can be
performed on the same basis by use of the correspond-
ing reference method (3).

Molal concentration is preferred to activity because
molal activity of serum is difficult to establish and
calculate. It cannot be measured with certainty by
ion-selective electrodes, which are susceptible to many
influences. A reference method is lacking. Molal ac-
tivity is a difficult quantity to handle for therapeutic
purposes. The determination of molal concentration,
however, can help to investigate the controversial
question of the influence of protein on the reference
liquid junctipn potential (10 — 13). From our data,
one can conclude that its influence is of minor im-
portance. If the increase of protein were to lead to
erroneously high sodium values äs determined by ion-
selective electrodes, then the sodium content of total
serum äs determined simultaneously by flame atomic
emission spectroscopy should fall continuously due to
volume displacement. However, it does not fall, but
remains constant, due to a compensatory increase in
sodium, i. e. the ion-selective electrode measures a real
increase in free sodium content.

If, however, the ion-selective electrode is calibrated
against flame atomic emission spectrometry for nor-
moproteinaemic sera, the ion-selective electrode val-
ues will be lower than those from flame atomic emis-
sion spectrometry already in the presence of slight

hypoproteinaemia,, a condition that is most common
in the hospital. At 33 g/l protein which, according to
our files, is observed in every thousandth patient, the
difference is about 5 mmol/1. Table 6 lists some points
to be taken into consideration when introduoing the
new quantity, "adjusted active substanee concentra-
tion" (14) in order to obtain results from the ion-
selective electrodes comparable to those from flame
atomic emission spectrometry in normoproteinaemiä:

1) This new quantity is neither a measure of a serum
concentration nor of a serum water cönceutration nor
activity. It is a quantity just outside the clearly defined
physico-chemical quantities.

2) As different quantities are determined by the ion-
selective electrode and flame atomic emission spectro-
metry, it is not necessary that the reference interväls
be identical.
3) Calibration is performed with Standard specimens,
which is the most unsatisfactory method of a calibra-
tion (15).
4) The accuracy control is hampered, becäüse ion-
selective electrode values ägree exactly with those
from flame atomic emission spectrometry values only
at a single protein concentration.
5) It is not easily appreciated that sometimes values
from the ion-selective electrode are higher and some-
times lower than those from flame atomic emission
spectrometry.
When ion-selective electrode calibration is per-
formed with Solutions containing only sodium and
potassium Chloride, the results for the sodium and
potassium concentrations of serum water are rather
too low, but they are always higher than those from
flame atomic emission spectrometry, with the excep-
tion of extreme hypoproteinaemia.

Tab. 6. Comparison of adjusted active substance concentration and substance concentration in serum water.

Adjusted active substance
concentration (1. c. (14))

Substance concentration
in serum water

System:
Analyte:
Measuring unit:
Calibration:

not defined
sodium
mmol/1
Standard specimen

serum water
sodium
mmol/1
primary Standard solution

Comparison with sodium concentration in serum:
Hyperproteinaemia: higher
Normoproteinaemiä: in agreement äs adjusted
Hypoproteinaemia: lower
Reference interval: identical

rauch higher
higher
slightly higher
higher

Accuracy control by reference not possible
method values:

reference method (I.e. l, 2, 3):
1) applied to the supernatant of the ultracentri-

fugate of the corresponding serum.
2) applied to the serum and — additionally -«

determination of its water content (1. c. 9).
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2.2 Flame atomic emission spectrometry

As the protein concentration increases due to ultra-
centrifugation, the sodnim and potassium concentra-
tion increases. The molar concentration of sodium
and potassium in the total sample that is measured
by flame atomic emission spectrometry remains nearly
constant. The increase due to electrostatic forces is
counterbalanced by the volume displacement effect.

2.3 Coulometry

The chloride concentration in the sera decreases with
increasing protein concentration due to volume dis-
placement and repulsion of the negatively charged
chloride by protein.

2.4 Ektachem

The Ektachem is calibrated with Standard specimens
to give values comparable to those from flame at!omic
emission spectrometry and coulometry within normal
protein concentrations, although the Ektachem meas-
ures the electrolytes by ion-selective electrodes with-
out predilution. As far äs sodium and potassium are
concerned it is remarkable that the values correspond
to those from flame atomic emission spectrometry,
even in hypo- and hyperproteinaemia. It may be as-
sumed that this phenomenon is caused by an increase
in viscosity which counterbalances the increase in
electrolyte concentration in the serum water. It is not
yet known, however, whether the different results
obtained for paraproteinaemic sera are due to a dif-
ferent viscosity. Similar observations have been re-
ported, üsing native sera of different protein compo-
sition (16). In hyperproteinaemia, the chloride values
from the Ektachem are higher than those from cou-
lometry, whereas in hypoproteinaemia the Ektachem
values are lower. This is to be expected, if an ion-
selective electrode, calibrated with Standard speci-
mens, is used without predilution. Unfortunately ari-
other ion-selective electrode for chloride measurement
without predilution was not available.

3. Flame atomic emission spectrometry and
ion-selective electrode after predilution

Peterminations of the sodium concentration in total
serum can be performed accurately by flame atomic
emission spectrometry and ion-selective electrodes
after predilution of the sample. In "pseudohypona-
traemia" the accurately determined sodium concen-
tration in total serum differs from the sodium con-
centration in serum water more than usually, due to
volume displacement by e.g. excessive protein. As
"pseudohyponatraemia" can be present at any sodium

concentration and need not be confmed to results
below the reference interval, the term is inadequate
and misleading. In "pseudohypernatraemia" the dif-
ference between the sodium concentration in total
serum and the concentration in serum water is less
than normal, because the volume displacement by
proteins is less than normal. This may occur at any
sodium concentration, in hyper-, normo- or hypona-
traemia. The Interpretation of the (analytically accu-
rate) results will be difficult in these cases. Without
knowledge of protein and lipoprotein concentrations,
the clinician might not even be aware of a possible
misinterpretation. (Some past results showing hyper-
natraemia in the presence of hypoproteinaemia have
to be questioned and must be reassessed by ion-
selective electrodes). In doubtful cases the sample
should be measured by ion-selective electrodes (with-
out predilution) to determine the concentration in
serum water, instead of correcting the flame atomic
emission spectrometry value with respect to the pro-
tein and "lipid" concentrations. The influence of the
protein and lipid concentrations on sodium in serum
and on its reference interval (flg. l, flg. 8) was cal-
culated by Levy (17). The correction is more expen-
sive, more time consuming and less accurate than the
direct ion-selective electrode measurement. Ion-selec-
tive electrode values and the corresponding reference
interval are not dependent on the protein and "lipid"
concentrations. They mainly depend on calibration.
If ion-selective electrodes are calibrated with Standard

160r

§150
i
J:

g
l HO

130

Concentration
in serum water (3)

1SE(2)

Adjusted active substance
concentration (1)

FAES (4)

0 40
Protein [g/l]

120 160

Fig. 8. Dependency of the sodium concentration in serum water
at various protein concentrations äs determined by ISE
on the calibration of the ISE:
1) Calibration of the ISE by normoproteinaemic sera:
"adjusted active substance concentration".
2) Calibration of the ISE with primary Standard solu-
tions free of protein.
3) Calibration of the ISE with primary Standard solu-
tions free of protein but adjusted to concentration in
serum water.
4) Dependency of the sodium concentration in serum
äs determined by FAES on the protein concentration.
ISE: Ion-selective electrode.
FAES: Flame atomic emission spectrometry.
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specimens to match normoproteinaemic flame atomic
emission spectrometry results, the difference between
the ion-selective electrode and the flame atomic emis-
sion spectrometry result is a direct measure of the
extent to which the volume displacement differs from
normality. If ion-selective electrodes are calibrated
with primary Standard Solutions, the results are higher
than by flame atomic emission spectrometry in nor-
moproteinaemia. Volume displacement deviates from
the "normal" extent when the discrepancy between
results is different from the discrepancy between the
corresponding reference intervals. Irrespective of the
calibration procedure, however, ion-selective elec-
trodes and flame atomic emission spectrometry al-
ways determine different quantities, which must be
clearly documented in the laboratory report.
Although the effect of the protein concentration on
the measured concentration of low molecular constit-

uents of the serum is quite universal, it plays a decisive
role only for quantities with relatively narrow refer-
ence intervals e. g. for Chloride or sodium, but not for
potassium or glucose.

4. Quality ässessment

It was notable that the Ektachem was rather reliable
when evaluated with control sera. The study clearly
demonstrates, however, that control sera should in-
clude not oiily the measuring ränge of the analyte,
but also a wide concentration ränge of those com-
ponents öf the matrix that may have an influence on
the measurement, such äs protein. In the measurement
of sodium, the different behaviour of the Ektachem
towards pölyclonal and monoclohal globulins is a
drawback, which can apparently be avoided by üsing
a different reference fluid GEN 04 (16).
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