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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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tional Institute of Standards and Technology (NIST)

(j _3)5 and by comparing the Ektachem results with

those from traditional ion-selective electrodes and

those from flame atomic emission spectrometry. The

specificity of the ion-selective electrodes was checked

by determination-of the same samples adjusted to

different pH. The infhience of the protein concentra-

tion on the electrolyte measurements by flame atomic

emission spectrometry, ion-selective electrodes and

coulometry was investigated, and the values obtained

by the different methods were clearly biased in pro-

portion to the amount of protein.

A polymer-coated paper bridge connects the referenee electrode
and the indicator electrode which receives the serum. A small
volume of water from the sample fluid penetrates to the refer-
enee layer. The electfical potential is poised at the referenee
layer/silver Chloride layer while the potential across the mem-
brane is determined by the ratio of the ion activity in the
deposited solution to that in the reference layer. The electro-
meter measures the potential difference between the reference
and indicator electrodes. The analyser's microcomputer uses
this measurement and the stored calibration parameters to
detennine the concentration value of the ion in the sample fluid.

Sodium

The ion-selective membrane contains a sodium ionophore,
methyl monensin, dissolved in a carrier solvent and ä polymeric
binder.

Materials and Methods

The sodium, potassium and Chloride concentrations of the
following control sera were determined.

Standard Reference Material 909 (SRM 909) (National Institute
of Standards and Technology, Washington, D. C.); Kontrollo-
gen L, lot no. 623126 (Behring, Frankfurt); Kontrollogen LP,
lot no. 623213 (Behring, Frankfurt); Moni-trol I, lot no. 208
(AHS/DeutschlVnd, München); Moni-trol II, lot no. 108 (AHS/
Deutschland, München); Pathonorm H, lot no. 21 (Merck,
Darmstadt); Pathonorm L, lot no. 20 (Merck, Darmstadt); QCS
Abnormal Control Serum Assayed lot no. 025505 E (Ciba
Corning, Fernwald); Seronorm lot no. 166 (Merck, Darmstadt);
Validate-N, lot no. 4 023 (Gödecke, Freiburg).

Comparison of methods

The sera used originated from healthy employees during the
annual medical check.

Potassium

The ion-selective membrane is composed of valinomycin dis-
solved in a polymer mixture.

Chloride

The Chloride ions in the reference and sample fluid migrate to
the silver/silver Chloride layers and affect the equilibrium be-
tween free chloride and Chloride bound to süver ions. A pro-
tective layer inhibits the effect of interfering substaüces (e. g.
bromide, uric acid) on the electrode.

Measurements were performed at room temperature. The an-
alyser was calibrated with Standard specimens: KODAK Ek-
tachem DT Calibratof l, lot no. 0283501 and Calibrator 2, lot
no. 0285502. The KODAK Ektachem DT Eleetrolyte Reference
Fluid Gen 01, lot no. 0333400 was used. GEN-51 00830 sUdes
were used for sodium determinations; GEN-51 00671 for po-
tassium determinations; and GEN^Sl 01673 for chloride deter-
minations. The reliability of the analyser was checked by KO-
DAK Control liquid lot no. 0401400.

Flame atomic emission spectrometry

For flame atomic emission spectrometry an AFM 5052 was
used (Eppendorf, Hamburg) calibrated according to the rec-
ommendations of the manufacturer.

Ion-selective electrode

Samples were measured, without predilution, with the Nova I
(Nova Biomedical, Darmstadt), calibrated äs recommended by
the manufacturer.

Coulometry

Chloride determinations by coulometry were perfonned with
the Chloride Analyser 925 (Ciba Corning, Fernwald), calibrated
according to the instructions of the manufacturer.

Sample preparation

Samples containing different amounts of protein were prepared
äs follows.

A homogeneous pool serum (100 ml) was adjusted to the
appropriate pH by addition of glacial acetic acid p. a. (Merck,
Darmstadt). Pool serum (8 ml) was pipetted into each of the
10 polycarbonate ultracentrifuge tubes (Beckman, München).
The samples were centrifuged in a Beckman ultracentrifuge L8-
80M (Beckman, München) at 106000 g during 24 h at 24 °C.

The sample with the highest protein concentration was obtained
by removing the protein-free supernatant completely; samples
with lower protein content were obtained by only partly dis-
carding the supernatant; a low protein content was obtained
by addition of supernatant to the original pool serum. All
prepared samples were thoroughly homögenized.

KODAK Ektachem DT 60 Analyser with DTE mod-
ule (Kodak, Stuttgart)

The electrodes in the slides are dry, multilayered, analytical
elements coated on a polyester support. Two identical electrodes
form a complete concentration cell on a single slide which is
intended to be used for one test and then discarded. A reference
fluid with a fixed ionic concentration is required for measure-
ment. Determinations are performed by depositing 10 ul each
of a reference fluid and a serum on separate halves of the slide.

Results

1. Sodium

1.1 Precision

A control material was analysed on 21 consecmtive

days. The relative Standard deviätion was 0.7%
(tab. 1).
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Tab. 1. Precision between days
1
) of Ektachem DT 60.

Analyte

Sodium
Potassium
Chloride

Number of
determinations

21
21
21

Mean value
mmol/1

150.4
6.04

113.2

Relative Standard
deviation CV %

0.7
1.5
1.0

Allowable
rel. Standard
deviation

2
) %

<£2.0
£2.7
<:2.0

') äs determined by use of KODAK Control liquid lot 0401400
2
) according to 1. c. (4)

1.2 Accuracy

The Ektachem vahies were compared with the defin-

itive-, the reference method- and method-dependent as-

signed values (tab. 2). Satisfactory agreement was ob-

served, especially with the reference method values,
and the requirements of the new guidelines — maxi-
mal bias ± 6% from the target values (4) — were
satisfied with the exception of SRM 909.

Tab. 2. Accuracy of Ektachem: Comparison with target values (definitive values, reference method values, method-dependent
assigned values).

Control serum

SRM 909
E8)
Seronorm
A8)
D«)
C')
B')

Pathonorm L
Moni-trol II
Kontrollogen L
Moni-trol I
Seronorm
Validate N
QCS Abnormal
Pathonorm H
Kontrollogen LP

Sodium Potassium Chloride

SRM 909
Seronorm

Target
value
mmol/1

134.1
1
)

138.9
1
)

d%
6
) D%

7
)

+ 5.9
-h 2.2

Target
value
mmol/1

3.52
1
)

4.54
1
)

d%
6
) D%

7
)

+2.3
+ 3.5

Target
value
mmol/1

108.4
1
)

104.9
1
)

d%
6
)

+0.6
+ 3.9

D%
7
)

+4.1 +2.9

133.7
2
)

139.8
2
)

140.5
2
)

141.3
2
)

144.1
2
)

162.9
2
)

163.6
2
)

115
3
)

119
3
)

139
3
)

139
3
)

14l
3
)

1453)
149

3
)

156.8
3
)

163
3
)

6.2
0.6
1.1
0.5
2.2
0.1
0.9

+0.9 (O.O)
9
)

± 0.0
+ 0.8
+ 0.7
+ 2.9
+ 0.7
+ 5.5
+ 11.4
+ 4.6
+ 4.3

+3.4(2.4)
10

)

3.S3
2
)

4.94
2
)

4.59
2
)

4.93
2
)

4.90
2
)

6.00
2
)

6.82
2
)

2.55
3
)

6.70
3
)

4.97
3
)

4.3l
3
)

4.60
3
)

5.00
3
)

7.05
3
)

6.62
3
)

6.85
3
)

+2.0
+ 1.2
+ 2.4
-0.6
-4.0
-6.7
-0.3

-6.0
-3.0
-1.4
-0.2
+2.2
-4.0
+0.7
-0.3
-5.1

-0.9

-1.9

108.5
2
)

99.2
2
)

104.3
2
)

97.6
2
)

86.1
2
)

103.2
2
)

114.3
2
)

79.9
5
)

90.0
5
)

98.5
5
)

107.0
5
)

104.0
5
)

107.0
5
)

112.5
5
)

116.2
5
)

115.0
5
)

+ 0.5
+4.8
+4.5
+ 5.5
+ 3.4
+ 5.6
+ 6.7

+ 1.4
+ 2.2
+ 3.6
+ 5.6
+4.8
+ 5.6
+7.6
+ 6.7
+ 5.2

*) Definitive value
2
) Reference method value

3
) Method-dependent assigned value: flarne atomic emission spectrometry (Dt. Gesellschaft f. Klin. Chemie)

4
) Method-dependent assigned value: ion-selective electrode without prediiution of the sample

5
) Method-dependent assigned value: Coulometry

6
) Deviation of the vahie obtained by KODAK Ektachem from the target value in %

7
) Mean deviation of the values obtained by KODAK Ektachem from the target values in %

8
) Control sera/commercially not available
0 in ( ): D% without SRM 909

10
) in ( ): D% without QCS Abnormal

+ 2.3

+4.4

+4.7

Pathonorm L
Moni-trol II
Moni-trol I
Validate N
Pathonorm H
QCS Abnormal

115.1
4
)

1174)
14l4)
1504)
159.3

4
)

16l4)

- 0.1
+ 2.6
+ 1.4
+ 2.0
+ 3.0
·+ 3.1

+2.0

2.52
4
)

6.73
4
)

4.47
4
)

5.1 04)
6.66

4
)

7.20
4
)

-4.8
-3.4
-3.8
-5.9
-0.9
-1.4

-3.4
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Tab. 3. Comparison of results obtained by

Methods

(y) vs.

a) Sodium
ISE-E5)
ISE-E5)

b) Potassium
ISE-E5)
ISE-E5)

c) Chloride
ISE-E5)

flame atomic emission spectrometry and ion-selective electrodes with Ektachem DT 60.

Number of Standardized principal sy.x
1)

determina- component analysis mmol/1

(x)

FAES6)
ISE7)

FAES6)
ISE7)

Coulometry

tions

61
61

61
61

61

Slope

0.936
1.102

1.048
0.985

1.124

Intercept
mmol/1

10.6
-15.1

-0.11
0.01

- 6.7

2.01
1.99

0.090
0.091

2.484

f)
mmol/1

142.8
142.8

4.40
4.40

109.7

x3)
mmol/1

141.3
143.3

4.31
4.46

103.5

t4)

'3.99
1.43

5.99
3.31

14.46

Cprrelation
coefficient
r

0.496
0.505

0.973
0.972

0.543

1) Standard error of residuals
2) arithmetic mean of y-values
3) arithmetic mean of x-values
4) t-value (paired t-test)
5) Ektachem DT 60
6) Flame atomic emission spectrometry
7) Ion-selective electrode measurement without predilution of the sample

Patient sera (n = 61) were analysed by ion-selective
electrode and flame atomic emission spectrometry.
The values obtained by the different methods were
comparable (tab. 3). The mean values of results from
the Ektachem were higher than those from flame

Tab. 4. Determination of sodium, pptassium and Chloride at
different protein concentrations obtained by ultracen-
trifugation.

Sodium

Protein
g/l

33
65
80

120

Potassium

Protein
g/l

33
65
80

120

Chloride

Protein
g/l

33
65
80,

120

FAES1)
mmol/1

145.5
146.9
147.6
149.3

FAES1)
mmol/1

4.13
4.17
4.20
4.24

Coulometry
mmol/l

114.0
109.6
107.5
101.9

ISE2)
mmol/1

143.3
148.1
150.4
156.4

ISE2)
mmol/1

4.10
4.24
4.31
4.48

ISE-E3)
mmol/1

110.3
111.3
111.7
113.0

ISE-E3)
mmol/1

146.3
145.7
145.5
144.8

ISE-E3)
mmol/1

4.12
4.17
4.20
4.27

J) Flame atomic emission spectrometry
2) Ion-selective electrode without predilution of the sample
3) Ion-selective electrode KODAK DT 60

atomic emission spectrometry (+1.06%) arid lower
than those from the ion-selective electrode (—0.35%).
Standardized principal component analysis and cor-
relation epefficient could not be interpreted conclu-
sively, because these data are based on a very narrow
r nge of results.

Sera containing different protein concentrations were
obtained by ultracentrifugation (see methods). At 120
g/l protein — a concentration, which is observed in
every thousandth patient according to our files — the
Ektachem results were 3.0% lower than those from
flame atomic emission spectrometry and even 7.4%
lower than those from the ion-selective electrode (tab.
4) (fig. 1). Samples of different protein concentration,

170Ã

162

1154

å

i 146
o

138

130,

ISE

0 25 50 75 100
Protein [g/l]

125 150 175

Fig. l. Determination of sodium in serum preparations (pH
7.6) of different protein concentrations (prepared by
mltracentrifugation, see "Methods") by ion-seiective
eiectrode (ISE ffl), flame atomic emission spectrometry
(FAES ·), and Ektachem DT 60 (ISE-E È).
a) 33 g/l protein; b) 65 g/l protein; c) 80 g/l protein; d)
120 g/l protein.
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prepared from paraproteinaemic sera by ultracentri-

fugation, were analysed for sodium with the ion-

selective electrode and the Ektachem. The two meth-

ods then showed better agreement, at high protein

concentrations (fig. 2).

160

HO

130

I'SE-E

FAES

40 80
Protein [g/l]

120 160

Fig. 2. Determination of sodium in preparations of parapro-
teinaemic sera (pH 7.4) of different protein concentra-
tions (prepared by ultracentrifugation, see "Methods")
by ion-selective electrode (ISE ffl), flame atomic emis-
sion spectrometry (FAES fl), and Ektachem DT 60
(ISE-E ®).

The influence ofpH on Ektachem measurements was

studied by addition of acetic acid to outdated sera.

When the pH of firesh serum (pH 7.5) rose to pH 8.5

on Standing, the sodium value showed a correspond-

ing decrease of 2.7%. For the same pH change, the

ion-selective electrode (Nova) sodium values dropped

by 1.2% (tab. 5).

Tab. 5. pH-Dependency.

Sodium
Potassium
Chloride

n6)

20
20
20

FAES
1
)

d%
4
)

+0;1
-0.2
n.d.

5
)

ISE
2
)

d%
4
)

-2.5
-1.0
n.d.

5
)

ISE-E
3
)

d%
4
)

-5.5
-3.5
+0.7

Coulo-
metry
d%

4
)

ü.d.
5
)

n.d.
5
)

+0.3

J
) Flame atomic emission spectrometry

2
) Ion-selective electrode withoüt pfedilütion of the sample

3
) Ektachem DT 60

4
) Change of values in percent if pH changes from 6.5 to 8.5

5
) not determined

6
) number of determinations

2. Potassium

2.1 Precision

The precision between days was determined by meas-

urement of Ektachem Control liquid on 21 consecu-

tive days. The relative Standard deviation was 1,5%

(tab. 1).

2.2 Accuracy

Various control sera were analysed by the Ektachem

DT 60/DTE and the results were compared with the

definitive values, the reference method values and the

method-dependent assigned values. All measurements

were within the allowable limits of ± 8% deviation
(4) (tab. 2).

In the analysis of patient sera, the values from the

Ektachem were significantly higher than those from

flame atomic emission spectrometry. Results from

"direct potentiometry" were on average 0.06 mmol/1

higher than those from measurement with the slides
(tab. 3).

At the high protein concentrations (120 g/l) obtained

by ultracentrifugation, the potassium results from the

Ektachem were 0.7% higher than those from flame

atomic emission spectrometry and 4.7% lower than

those from the ion-selective electrode. At a protein

concentration of 33 g/l — a concentration, which is

observed in every thousandth patient according to

our files — the ion-selective electrode values were the

lowest (tab. 4, fig. 3). The results of potassium meas-

urements in paraproteinaemic samples prepared by

ultracentrifugation (fig. 4) were analogous to those

for the determination of sodium (see fig. 2).

The effect of pH on potassium measurements was not

clinically relevant (tab. 5).

5.0 r

4.0

s

3.0
25 50 75 100

Protein [g/l]
125 150 175

Fig. 3. Determination of potassium in serum preparations (pH
7.6) of different protein concentrations (prepared by
ultracentrifugation, see "Methods") by ion-selective
electrode (ISE EH), flame atomic emission spectrometry
(FAES B), and Ektachem DT 60 (ISE-E ®).
a) 33 g/l protein; b) 65 g/l protein; c) 80 g/l protein; d)
120 g/1 protein.

3. Chloride

3.1 Precision

The relative Standard deviation calculated from single

measurements on 21 working days was 1.0% (tab. 1).
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6.0 r

e 5.0

4.0

40 80
Protein [g/1]

120 160

Fig. 4. Determination of potassium in preparations of para-
proteinaemic sera (pH 7.4) of different protein concen-
trations (prepared by ultracentrifugation, see "Meth-
ods") by ion-selective electrode (ISE ffl), flame atomic
emission spectrometry (FAES n), and Ektachem DT 60

-E 0).

3.2 Accuracy

All measurements of control sera had a positive bias

äs compared ^ith the definitive value, the reference

method value, or the method-dependent assigned

value; at least two results were even outside the al-

lowable limits of ± 6% bias (4) (tab. 2).

Patient sera seemed to have a significantly higher

chloride concentration, when measurements were per-

formed with slides instead of coulometry (+6.0%)

(tab. 3).

At the high protein concentrations (120 g/l) these dif-

ferences were more evident (+10.9%) than at low

protein concentrations (tab. 4). In extreme hypopro-

teinaemia, chloride determinations with slides yielded

even lower results (flg. 5). The question of whether

paraproteinaemic sera have a different impact on the

ISE-E

Coulometry

75 100
Protein [g/l]

Fig. 5. Determination of chloride in serum preparations (pH
7.6) of different protein concentrations (prepared by
ultracentrifugation, see "Methods") by Ektachem DT
60 (ISE-E 0) and coulometry ( ),
a) 33 g/l protein; b) 65 g/l protein; c) 80 g/l protein; d)
120 g/l protein.

Ektachem System could not be investigated, because

an ion-selective electrode was not available for com-

parison.

The influence of pH on the chloride determination by

slides or coulometry was negligible (tab. 5).

·' |

Discussion

1. Precision and accuracy of the Ektachem

DT60/DTE module

The determination of sodium, potassium and chloride

by use of the Ektachem was precise and met the

requirements of the new German guidelines (4) äs well

äs those of the United Kingdom External Qtiality

Assessment Scheme (5). It must be einphasized, how-

ever, that good precision is only obtained by skilled

laboratory staff (6). If the determinations are per-

formed by nurses äs bedside tests, imprecision may

be greater (the applicability of the Ektachem slides

on the wards is restricted, because serum instead of

blood is used äs the test material).

The accuracy of the electrolyte measurements by Ek-

tachem was evaluated with 15 coiitfol sera. The bias

between the potassium results and the target valües

was adequately small. On the whole, the same was

true for sodium. The target value of "SRM 909",

however, was missed by 5.9%, which may be due to

interference of the matrix with the Ektachem method.

The same holds true for "QCS Abnormal", whose

target value was confirmed by flame atomic emission

spectrometry, büt was repeatedly widely missed by

the Ektachem. Chloride measurements showed ä

mean systematic error of + 4.4%, compared with the

reference method valües. The Ektachem results for

patient sera also differed by 4- 6.0% from those ob-

tained by coulometry, whereas valües for sodium and

potassium agreed satisfactorily. (In further experi-

ments, using the Ektachem 700 but the same slides,

the bias of the chloride measurements was no greater,

i.e. the deviation was presumably due to an instru^

mental calibration efror). One may conclude that

commercial control sera are on the whole adequate

for the accuracy control of this new type of electrolyte

measurement, äs they yield results comparable to

those obtained with native sera.

2. Influence of protein

The influence of protein on the different methods for

electrolyte measurement was studied by analyses of

serum fractions prepared by ultracentrifugation (see

"Material and Methods"). This technique qüickly

yields samples of a wide ränge of protein concentra-

J. Clin. Chem. Clin. Biochem. / Vol. 27,1989 / No. 10
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tions without changes in protein composition (hyper-
proteinaemia due to a monoclonal gammopathy may
have a different effect on electrolyte determination by
ion-selective electrodes from that of polycloüal hy-
pergammaglobulinaemia (see above)). However, one
has to consider:

(1) that lipids floating at the surface are discarded, so
that vohime displacement effects are a little less pro-
nounced in this experimental design, depending on
the proportion of lipid in the sample;

(2) that sodium and potassium are attracted by the
protein fraction due to their positive electric Charge,
whereas Chloride will be enriched in the supernatant
due to repulsion by the negative Charge of the protein.

These phenomena are pH-dependent and more evi-
dent at a pH far removed from the isoelectric point

of the protein. The findings, obtained by analysis of

the samples prepared by ultracentrifugation, were
confirmed by electrolyte measurements of native sera
(fig. 6) and pool serum, which had been diluted step-
wise with a sodium chloride solution (fig. 7). Very
similar results were obtained by extrapolating results
of a previous study (7): at a protein concentration of
33 g/l, the results from the ion-selective electrode were
l .4% lower than those from flame atomic emission
spectrometry. This experimental design is another ap-

proach to the investigation of the influence of protein
on ion-selective electrodes. Similar experiments were
performed by 1. c. (8) by use of dialysed bovine serum
pools, which were spiked afterwards with sodium and

potassium chloride.

2.1 lon-selective electrode

The results from the ion-selective electrode clearly
demonstrate (flg. 1) the increase of the sodium con-

centration in the serum water with the increase of the
protein concentration. It is remarkable that the so-
dium concentration in the protein-free supernatant,
äs determined with the ion-selective electrode, is lower
than that determined by flame atomic emission spec-
trometry. As pure sodium chloride Solutions were
measured accurately within the ränge 50 to 200
mmol/1 by the ion-selective electrode, it may be as-
sumed that the difference is caused *by the fact that
the "activity eoefficient of the supernatant is lower
than the activity eoefficient of the calibration solution.
The supernatant contains additipnal ions, which are
absent from the calibration solution, so that the su-
pernatant has a higher ionic strength (this may be a
further reason why the discrepancies shown by the
ion-selective electrode values are less than expected
on theoretical grounds). In this case, it might be
proposed that the calibration of the ion-selective elec-
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Fig. 6. Determination of sodium in native hypoproteinaemic
sera (n = 72).
y = 0.001 + 0.967
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Fig. 7. Determination of sodium in preparations of a pool
serum that were obtained by adding different amounts
of an isotoic sodium chloride solution.
FAES: Flame atomic emission spectrometry (n).
ISE: Ion-selective electrode ( ).

trode should be performed at a higher ionic strength
to obtain the concentration in serum water. The meas-
urements of protein-free serum preparations should
then yield the same accurate electrolyte results irre-
spective of the Instrument, be it an ion-selective elec-
trode or a flame atomic emission spectrometer. The
difference between the results ("direct" potentiometry
and flame atomic emission spectrometry) would in-
crease continuously with increasing protein (or lipid)
concentration starting from a difference of "zero".
Molal concentration is a clearly defined physico-
chemical quantity. It can be established by using ul-
tracentrifugation, and it can be measured accurately
by flame atomic emission spectrometry according to

the reference method (1) in two ways:

a) determination of the sodium content of the protein-
free supernatant after ultracentrifugation, and

b) determination of the sodium concentration in
serum and its corresponding water content (9).
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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
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Concentration
in serum water (3)
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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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