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Chioride measurements by ion-selective electrodes are vul-
nerable to interference by anions such as iodide, thiocyanate,
nitrate, and bromide. We have found that the degree of interfer-
ence of these anions on the Hitachi chemistry analyzer chloride
electrode varies from electrode to electrode and this variation
can even occur within the same lot of membrane. This variation
is not dependent upon the length of time the cartridge has been
in the analyzer because no correlation existed between the us-
age time and the electrode response to interfering ions. Neither
is this variation due to the deterioration of the electrode because
all electrodes tested had calibration slopes within the manufac-
turer's specification. Our study, however, showed that even after
repeated exposure to a plasma sample containing 2 mM thiocy-
anate, the chloride electrode was still able to accurately mea-
sure the chloride in plasma without thiocyanate, thus confirm-
ing that a carryover effect does not exist from a previous thio-
cyanate-containing sample.

KEY WORDS: chloride; ion selective electrode; interfer-
ence; thiocyanate.

Introduction

n modern clinical biochemistry laboratories, so-

dium, potassium, and chloride are predominantly
measured by ion-selective electrodes (ISE). Mea-
surement of these electrolytes by ISE is simple,
quick, accurate, inexpensive, and free of common in-
terferences like turbidity, haemolysis, and bilirubin.
However, the selectivity of the ISE toward the pri-
mary ion is not absolute and is expressed by the
selectivity coefficient of the ISE that in turn depends
on the ISE membrane composition. The poor selec-
tivity of the chloride ISE toward various organic and
inorganic anions is well documented despite the im-
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provements in fabrication of chloride ISE (1). Selec-
tivity coefficient (K ;) defines the ability of an ion-
selective electrode to distinguish between the pri-
mary ion i and the interfering ion j in the same
solution (2). The larger the value of K ;, the poorer
the selectivity of the ISE toward the primary ion i in
the presence of the interfering ion j. Many anions,
such as I7, Br™, NOg, SCN™, etc., have K;; well
over 1 on most types of C1~ ISEs (1). For example,
KCLI and KCl N are 3.06 and 289, respectively, for
a liquid/liquid ion-exchange Cl~ ISE using crystal
violet-chloride. K, ; and K¢, scn are 5.37 and 5.88
for a solid/ion-exchange resin membrane Cl~ ISE
containing both quaternary ammonium group and
sulphonic group. Interferences of C1~ ISE measure-
ments by these ions (3-7) and some drugs (8) in
clinical samples have also been reported.

The Hitachi analyzer chloride ISE has been the
subject of several recent publications (7,9-10). Our
study on the selectivity of Hitachi Cl~ ISE toward
some interfering ions was prompted by erroneously
elevated C1~ results found in one of our patient’s
plasma. Our study demonstrated that I~, SCN-,
NOjy, and Br~ ions erroneously elevated C1~ read-
ing on some of the Hitachi chemistry analyzer Cl-
ISE cartridges but the degree of interference varied
from one electrode to the next, even within the same
lot of membrane, and these variations were not de-
pendent upon the length of time the cartridge had
been in the analyzer.

Materials and methods

Chloride electrodes (Cat. No. 722-4013) were ob-
tained from Boehringer Mannheim Canada (Laval,
Quebec, Canada). This type of electrode, based on a
liquid—-liquid ion exchanger with quaternary am-
monium salts, is used in all Boehringer Mannheim/
Hitachi model 704, 717, 736, 737, 747, and 911
chemistry analyzers. The chloride electrode lots
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K42, H90, and K27 were used for this study. Elec-
trodes K4269, H9086, and H9089 had been used for
2 weeks before the investigation, whereas electrodes
K2702 and K2782 had been used for less than 3
days. Electrodes K4237 and 04015 were new at the
time of this study.

All chemicals were analytical grade and pur-
chased from BDH Inc. (Toronto, ONT, Canada).

Chloride in plasma was measured by C1~ ISE on a
Hitachi model 737 chemistry analyzer or by coulo-
metric titration on a Fiske Chloro-O-Counter (Ux-
bridge, MA, USA), or by a disposable thin-film C1~
ISE on a Kodak Ektachem 700 chemistry analyzer
(Rochester, NY, USA). The ISE reagent for Hitachi
chemistry analyzer was prepared at The Toronto
Hospital. Many experiments were also repeated us-
ing BM diluent (Cat. #820638), BM internal refer-
ence (Cat. #836246), and BM KCl reference (Cat.
#820639) obtained from Boehringer Mannheim.
Thiocyanate was measured in protein-free filtrate of
serum by reaction with ferric ions; the intensity of
the colour was measured spectrophotometrically at
515 nm (11).

To compare the selectivities of BM/Hitachi chlo-
ride electrode, different amounts of sodium or potas-
sium salts of iodide (I7), thiocyanate (SCN ™), cya-
nide (CN ™), bromide (Br~), thiosulphate (S;057,
sulphate (SOZ-), bicarbonate (HCOj ), fluoride
(F"), or nitrate (NO; ) were dissolved in Hank’s bal-
anced salt solution (CaCl, anhydrous, 1.3 mM; KCl,
5.0 mM; KH,PO,, 0.3 mM; MgCl, - 6H,0, 0.5 mM;
MgSO, - TH,0, 0.4 mM; NaCl, 138 mM; NaHCO;,
4.0 mM; Na,HPO,, 0.3 mM; glucose, 5.6 mM). One
hundred microliters of these solutions were added
into 900 pL of pooled plasma to obtain final concen-
trations of interfering ions ranged from 0.5 to 10
mmol/L. Sodium nitroprusside was also spiked into
the pooled plasma to give final concentrations from
1 to 20 mmoVl/L. The recovery of chloride was ana-
lyzed by linear regression (6,12) and the slope of the
regression line was expressed as a fraction of unity.
A fraction of unity is used to compare the extent of
interference toward ISE in automated analyzers (7)
and is defined as “mmol/L of electrolyte value con-
tributed by each mmol/L of interfering ion.” A frac-
tion of unity, rather than the forementioned X, , is
generally used to compare the selectivity of ion-
selective electrodes in clinical laboratories. The rea-
son is that the electromotive force (EMF) or poten-
tial, required for the calculation of K; ; using a mod-
ified Nernst equation, is not readily available from
the automated chemistry analyzers. In contrast, we
can use the reported chloride concentrations directly
to perform linear regression analysis.

Results

The patient under investigation was a 52-year-old
female who had severe congestive heart failure due
to end-stage ischaemic myocardiopathy. During hos-
pitalization, she received various medications in-
cluding digitalis, diuretics, and vasodilators. After
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being administered sodium nitroprusside (Niprid®,
Roche; 100-200 mg daily) for 5 days, she showed
manifested signs of cyanide toxicity. Thiosulphate (2
g daily for 3 days) was given to treat her cyanide
toxicity. Thiosulphate enhances the conversion of
cyanide to the less toxic thiocyanate (Figure 1). As
shown in Table 1, this patient’s plasma chloride
level was analyzed on two different Hitachi 737 an-
alyzers and found to differ significantly. One car-
tridge was unaffected while the other displayed sig-
nificant interference. Both the Ektachem and coulo-
metric titration methods recovered the same
chloride value as the unaffected Hitachi electrode
(#2) and similar chloride values were obtained for
both Hitachi electrodes in a thiocyanate-free sample
(control plasma). Both plasma #2 and control
plasma had normal sodium, potassium, and bicar-
bonate levels.

Clearly, an erroneously elevated response was ob-
tained with one of the chloride ISE cartridges
(K4269). To investigate what might have caused
this false reading, we added various amounts of so-
dium nitroprusside and sodium salts of cyanide
(CN"-), thiosulphate (S;037), and thiocyanate
(SCN ™), respectively, to pools of human plasma and
measured the chloride levels with different lots of
Hitachi chloride cartridges. Because other anions
such as iodide (I”), bromide (Br~), fluoride (F~),
nitrate (NO;), bicarbonate (HCO; ), and sulphate
(SO23-) have been reported to interfere with the
chloride measurement by ion-selective electrodes,
they were also included in the study.

SCN-, I-, NO;, and Br~ significantly elevated
chloride readings (Figure 2, Table 2). Nitroprusside
was also found to interfere with the C1~ measure-
ments, but in a nonlinear fashion (data not shown).
However, we suspect that nitroprusside is unlikely
to cause an appreciable interference when present in
blood because its half-life is approximately one
minute in vivo (13). We have thus excluded it in our
assessment of the fraction of unity (Table 2). In com-
parison to the ISE, measurement of C1~ by coulo-
metric titration is less affected by the same interfer-
ing ions.

The interference in chloride measurement ob-
served with lot K4269 in the patient plasma is prob-
ably due to SCN ~ ions. The measured SCN ~ levels
were 0.8 and 2.1 mmol/L on two separate occasions
(see Table 1), which is equivalent to 15 and 40
mmol/L of chloride when using the fraction of unity
value of 18.93. These calculated values are very

Thiosulphate
2- 2-
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Figure 1 — Conversion of nitroprusside to cyanide and
thiocyanate after thiosulphate treatment.
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K42, H90, and K27 were used for this study. Elec-
trodes K4269, H9086, and H3089 had been used for
2 weeks before the investigation, whereas electrodes
K2702 and K2782 had been used for less than 3
days. Electrodes K4237 and 04015 were new at the
time of this study.

All chemicals were analytical grade and pur-
chased from BDH Inc. (Toronto, ONT, Canada).

Chloride in plasma was measured by C1~ ISE on a
Hitachi model 737 chemistry analyzer or by coulo-
metric titration on a Fiske Chloro-O-Counter (Ux-
bridge, MA, USA), or by a disposable thin-film C1~
ISE on a Kodak Ektachem 700 chemistry analyzer
(Rochester, NY, USA). The ISE reagent for Hitachi
chemistry analyzer was prepared at The Toronto
Hospital. Many experiments were also repeated us-
ing BM diluent (Cat. #820638), BM internal refer-
ence (Cat. #836246), and BM KCl reference (Cat.
#820639) obtained from Boehringer Mannheim.
Thiocyanate was measured in protein-free filtrate of
serum by reaction with ferric ions; the intensity of
the colour was measured spectrophotometrically at
515 nm (11).

To compare the selectivities of BM/Hitachi chlo-
ride electrode, different amounts of sodium or potas-
sium salts of iodide (I7), thiocyanate (SCN ™), cya-
nide (CN ™), bromide (Br~), thiosulphate (S,035,
sulphate (SO?-), bicarbonate (HCO; ), fluoride
(F7), or nitrate (NO3 ) were dissolved in Hank'’s bal-
anced salt solution (CaCl, anhydrous, 1.3 mM; KCl,
5.0 mM; KH,PO,, 0.3 mM; MgCl, - 6H,0, 0.5 mM;
MgSO, - TH,0, 0.4 mM; NaCl, 138 mM; NaHCO,,
4.0 mM; Na,HPO,, 0.3 mM, glucose, 5.6 mM). One
hundred microliters of these solutions were added
into 900 pL of pooled plasma to obtain final concen-
trations of interfering ions ranged from 0.5 to 10
mmol/L. Sodium nitroprusside was also spiked into
the pooled plasma to give final concentrations from
1 to 20 mmol/L. The recovery of chloride was ana-
lyzed by linear regression (6,12) and the slope of the
regression line was expressed as a fraction of unity.
A fraction of unity is used to compare the extent of
interference toward ISE in automated analyzers (7)
and is defined as “mmol/L of electrolyte value con-
tributed by each mmol/L of interfering ion.” A frac-
tion of unity, rather than the forementioned K; 7 is
generally used to compare the selectivity of ion-
selective electrodes in clinical laboratories. The rea-
son is that the electromotive force (EMF) or poten-
tial, required for the calculation of X; ; using a mod-
ified Nernst equation, is not readily available from
the automated chemistry analyzers. In contrast, we
can use the reported chloride concentrations directly
to perform linear regression analysis.

Results

The patient under investigation was a 52-year-old
female who had severe congestive heart failure due
to end-stage ischaemic myocardiopathy. During hos-
pitalization, she received various medications in-
cluding digitalis, diuretics, and vasodilators. After
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being administered sodium nitroprusside (Niprid®,
Roche; 100-200 mg daily) for 5 days, she showed
manifested signs of cyanide toxicity. Thiosulphate (2
g daily for 3 days) was given to treat her cyanide
toxicity. Thiosulphate enhances the conversion of
cyanide to the less toxic thiocyanate (Figure 1). As
shown in Table 1, this patient’s plasma chloride
level was analyzed on two different Hitachi 737 an-
alyzers and found to differ significantly. One car-
tridge was unaffected while the other displayed sig-
nificant interference. Both the Ektachem and coulo-
metric titration methods recovered the same
chloride value as the unaffected Hitachi electrode
(#2) and similar chloride values were obtained for
both Hitachi electrodes in a thiocyanate-free sample
(control plasma). Both plasma #2 and control
plasma had normal sodium, potassium, and bicar-
bonate levels.

Clearly, an erroneously elevated response was ob-
tained with one of the chloride ISE cartridges
(K4269). To investigate what might have caused
this false reading, we added various amounts of so-
dium nitroprusside and sodium salts of cyanide
(CN™), thiosulphate (S,037), and thiocyanate
(SCN 7), respectively, to pools of human plasma and
measured the chloride levels with different lots of
Hitachi chloride cartridges. Because other anions
such as iodide (I”), bromide (Br~), fluoride (F™),
nitrate (NO3'), bicarbonate (HCOj3), and sulphate
(SO?-) have been reported to interfere with the
chloride measurement by ion-selective electrodes,
they were also included in the study.

SCN-, I7, NOg, and Br~ significantly elevated
chloride readings (Figure 2, Table 2). Nitroprusside
was also found to interfere with the C1~ measure-
ments, but in a nonlinear fashion (data not shown).
However, we suspect that nitroprusside is unlikely
to cause an appreciable interference when present in
blood because its half-life is approximately one
minute in vivo (13). We have thus excluded it in our
assessment of the fraction of unity (Table 2). In com-
parison to the ISE, measurement of Cl~ by coulo-
metric titration is less affected by the same interfer-
ing ions.

The interference in chloride measurement ob-
served with lot K4269 in the patient plasma is prob-
ably due to SCN~ ions. The measured SCN ~ levels
were 0.8 and 2.1 mmol/L on two separate occasions
(see Table 1), which is equivalent to 15 and 40
mmol/L of chloride when using the fraction of unity
value of 18.93. These calculated values are very
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Figure 1 — Conversion of nitroprusside to cyanide and
thiocyanate after thiosulphate treatment.
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TabLz 1
Thiocyanate and Chloride Values
Thiocyanate or Chloride (mmol/L)
Plasma Plasma Control
Analyte #1* #2* Plasma
Thiocyanate® 0.8 2.10 0.00
Chloride
Hitachi C1- ISE
Electrode 1 (K4269) 127 146 105
Electrode 2° 113 108 105
Coulometric titration —_ 109 107
Ektachem thin-film ISE — 110 107

* Plasma #1 and plasma #2 were sampled 8 days apart.
b Measured by spectrophotometry after reaction with ferric ions.
¢ Electrode lot number unknown.

close to the measured differences in recovery (14 and
38 mmol/L, respectively) between electrode #1 and
electrode #2.

The fact that two Cl1~ ISE cartridges responded
differently to the same sample prompted us to inves-
tigate the possibility of variations among the car-
tridges, either on a lot-to-lot or cartridge-to-
cartridge basis. Three different lots (K42, K27, and
H90), two cartridges per lot, were tested with the
same interfering ions used to test cartridge K4269
above. Only one of the cartridges tested (K2702) dis-
played fraction of unity values close to that previ-
ously reported by Boehringer Mannheim (14). The
other five cartridges displayed widely varying frac-
tions of unit for thiocyanate ion (between 8.38 and
22.24). These findings demonstrate that the inter-
ference selectivity varies from cartridge-to-
cartridge, even within the same lot of membrane.

It has been reported that interference on the Beck-
man Synchron CX3 Cl~ ISE by bromide ions was
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2 — Dose—response curves of a Hitachi Cl~ ion-
selective electrode to different anions. Various amounts of
sodium or potassium salts of the tested anions were spiked
into a pooled plasma to yield final concentrations indi-
cated in the X-axis. The plasmas were analyzed for C1 ~ by
a Hitachi C1- ISE (K4269). The Y-axis represents the
chloride values contributed by the interfering ions ob-
tained after subtracting the baseline chloride value.
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due to the cumulative effect of bromide ions on the
Cl~ electrode (3). To determine whether the vari-
able interference of Cl~ measurements by thiocy-
anate using a BM/Hitachi chemistry analyzer re-
sults from the cumulative effect of the interfering
anion on the electrode membrane, potassium thio-
cyanate was spiked into a plasma pool to yield a
final concentration of 2 mmol/L. The response of a
Cl~ cartridge (H9086) to repeated exposure of the
SCN ~-spiked plasma is shown in Figure 3. No cu-
mulative effect on this Cl~ cartridge was observed.
Nor was there a carry over effect. The mean chloride
value for the 88 SCN ~-spiked plasma sample repli-
cates was 128 mmol/L with a standard deviation of
1.9 mmol/L. The chloride values for the SCN ~-free
plasma pool varied between 101 and 102 mmol/L.

The variation in interference from cartridge-to-
cartridge was also not due to deterioration in the
electrode membrane because new cartridges with
slopes around —53 mV had similar fractions of
unity as older cartridges (K4269) with lower slopes
(—42 mV).

The reagents for electrolyte measurements on the
BM/Hitachi chemistry analyzers were prepared in
house. To exclude the possibility that the increased
fractions of unity for the interfering anions were due
to the use of laboratory-prepared reagents, we com-
pared the responses of two Cl~ cartridges (K4269
and 04015) to thiocyanate (0.5 to 5 mmol/L) using
reagents obtained from the manufacturer or pre-
pared in house. Cartridge 04015 was new at the
time of this experiment. The fraction of unity for
SCN~ ion with cartridge 04015 was 5.82 (using the
manufacturer’s reagent) and 4.98 (using the in-
house reagent); the fraction of unity on cartridge
K4269 was 18.02 and 18.93, respectively. Thus, no
significant discrepancies were seen when using re-
agents from either source.

Discussion
Chloride ISE has been widely used in clinical lab-

oratories to assess the electrolyte status of a patient.
However, erroneous Cl~ values have occasionally
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TabLE 2
Hitachi Chloride Electrode Calibration Slopes and Sensitivity to Interfering Anions
Electrode Lot Number
K4269 K4237 K2702 K2782 H9089 H9086 CMT* BMC®
Calibration slope (mV) -42.2 -52.9 -49.7 -53.4 -51.6 -53.0
Fraction of Unity
Anions
I- 25.29 31.23 4.77 22.67 16.23 22.67 0.99 3.33
SCN- 18.93 22.24 1.80 17.72 8.38 12.96 1.26 2.00
NO; 4.92 5.21 1.62 4.25 3.79 349 — 1.11
Br- 3.77 429 1.73 3.64 2.83 2.90 0.89 143
CN- 0.13 0.07 0.11 0.19 0.14 0.07 0.02 —
HCO4 0.08 0.06 0.20 0.12 0.12 0.05 —_ 0.20
F- -0.13 -0.06 —_ — —_ — — 0.26
8,02~ -0.10 -0.09 — - — - 1.26 -
SO2- -0.23 -0.11 — — — — — 0.27

Fraction of unity is the slope of the regression line from a dose-response study and is expressed as mmol/L of chloride

value contributed by each mmol/L of interfering ion.
* Coulometric titration.
® Boehringer Mannheim study (14).

been seen. For example, patients taking iodine sup-
plementation, bromide-containing drugs, or sodium
nitroprusside may have falsely elevated plasma C1~
levels. On the other hand, patients with low bicar-
bonate levels may have slightly lower plasma C1~
values, especially when the C1~ is measured with a
Hitachi C1~ ISE (9,10). The mechanism and extent
of interference of C1~ measurements by certain an-
ions depends on the type of C1~ electrode employed.

Currently, there are two major types of C1~ ISE
used in the clinical laboratories: solid state Ag/AgCl
electrodes and liquid/liquid ion-exchange membrane
electrodes. The interference of anions on Ag/AgCl
electrode is due to precipitation of the interfering
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Figure 3 — Response of a Hitachi Cl~ ion-selective elec-
trode (H9086) to repeated exposure of a pooled plasma
spiked with 2 mmol/L potassium thiocyanate (closed cir-
cle). The same plasma pool without potassium thiocyanate
(open circle) was also analyzed intermittently throughout
this study. The control plasma had a Cl~ value of 102
mmol/L obtained by coulometric titration.
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ion onto the electrode surface. For example, I~ can
transform an Ag/AgCl electrode to an Ag/AgCl/Agl
electrode that shows selectivity toward both Cl1~
and I~. This effect is cumulative, as seen in the
Beckman Synchron CX3 system (3), and can be cor-
rected by polishing the electrode surface. The mech-
anism of interference of anions to chloride electrodes
using liquid/liquid ion-exchangers with quaternary
ammonium salts (e.g., the Hitachi C1~ ISE) is not
clear. It could be due to the strong interaction be-
tween interfering anions (e.g., SCN ™) and quater-
nary ammonium salts (15,16). Therefore, it is possi-
ble that the interfering anions could enter the Cl~
ISE membrane, becoming a secondary counterion
for quaternary ammonium (the primary counterion
is C17). Because the anion—-quaternary ammonium
complex is mobile within the membrane, the second-
ary counterion may even reach a new equilibrium
with the internal filling solution of the electrode
(17). This process may be time dependent, that is,
the sensitivity of C1~ ISE toward interfering ions
would increase with repeated exposure or due to ag-
ing as observed by Lipke et al. (10). However, our
study did not support this hypothesis for the Hitachi
Cl~ ISE because: repeated exposure of a C1~ ISE
cartridge to high concentrations of SCN~ did not
change the response of this cartridge; two cartridges
from the same lot (K4269 and K4237) with different
on-line usage time (15 days and brand-new, respec-
tively) showed similar results; two cartridges from
the same lot (K2702 and K2782) with similar usage
time (less than 3 days) had very different responses;
and the same electrode (K4269) had the same re-
sponse to SCN ™~ during a 9-day interval.

It has been suggested that the selectivity of the
chloride electrode may depend on the ¢hemical com-
position of the electrode membrane [e.g., dielectric
constant of the solvent in liquid membrane (17)] or
even on the physical property of the membrane (e.g.,
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thickness). In manufacturing Cl~ ISE cartridges,
100 cartridges are made from a single membrane
preparation. Heterogeneity of the membrane prepa-
ration (e.g., chemical composition and thickness)
may contribute to the variation among these car-
tridges in terms of selectivity. Our study using re-
agents from different sources further suggests that
the selectivity of the BM/Hitachi C1~ electrode is
the property of the electrode itself and is not influ-
enced by the reagents.

It should be noted that even though different Hi-
tachi C1~ electrodes respond differently to interfer-
ing ions, they all yielded the same result for samples
free of interfering ions. This may be due partially to
the fact that the electrode is frequently calibrated to
compensate for possible drifts. In addition, according
to some people, high interference ratios may not be
a completely undesirable event (12) because it could
alert clinicians to the possible presence of bromide,
cyanide, or other toxicities. Clinical biochemists
should be aware of the possibility of erroneous Cl1-
values, which usually express themselves as un-
usual anion gaps, and be able to confirm the pres-
ence of interference substances by independent
methods.

Acknowledgements

T. Wang is a recipient of a postdoctoral fellowship for
clinical biochemistry from the Ontario Ministry of Health.
We would like to thank the medical technologists at our
department, especially P. Meighoo and T. Savage, for
technical assistance and discussions. We also thank the
Department of Clinical Biochemistry at the Mount Sinai
Hospital for chloride measurement on the Kodak Ek-
tachem 700 chemistry analyzer.

References

1. Umezawa Y. CRC handbook of ion-selective elec-
trodes: Selectivity coefficients. Pp. 30—64. Boca Raton,
FL: CRC Press, 1990.

2. Commission on Analytical Nomenclature. Recom-
mendations for nomenclature of ion-selective elec-
trodes. Pure Appl Chem 1976; 48: 129-32.

CLINICAL BIOCHEMISTRY, VOLUME 27, FEBRUARY 1994

3.

10.

11.

12.

13.

14.

15.

16.

17.

Rehak NN, Andersen TE. Evaluation of Gilford chem-
istry control interference with the chloride method in
the Beckman Synchron CX3 System analyzer: Cumu-
lative effect of bromide on chloride results. Clin Chem
1989; 35: 1538.

. Nagamine Y, Hamai Y, Chikamori K, et al. Asymp-

tomatic hyperbromidaemia detected as pseudohyper-
chloridaemia measured with an ion selective electrode
meter. Scand J Clin Lab Invest 1988; 48: 177-82.

. Baker C, Kahn SE, Bermes EW Jr. Effect of bromide

and iodide on chloride methodologies in plasma or se-
rum. Ann Clin Lab Sci 1980; 10: 523-8.

. Elin RJ, Robertson EA, Johnson E. Bromide inter-

feres with determination of chloride by each of four
methods (Letter). Clin Chem 1981; 27: 778-9.

. Slater S, Wyndham L. Nonselectivity of the chloride

ion-selective electrode used in the Hitachi 705 (Let-
ter). Clin Chem 1986; 32: 405-6.

. Chao AC, Armstrong WM. Cl ™ -selective microelec-

trodes: Sensitivity to anionic Cl ~ transport inhibitors.
Am J Physiol 1987; 253: C343-17.

. Faulkner AM, Peake MJ. Bicarbonate interference

with Hitachi chloride electrodes (Short report). Ann
Clin Biochem 1991; 28: 107-8.

Lipke DL, Patrick JC, Robeson BE, Haas RG. Hitachi
736 chloride bias with abnormal bicarbonate (Letter).
Clin Chem 1993; 39: 364.

Bowler RG. Determination of thiocyanate in blood se-
rum. Biochem J 1944; 38: 385-8.

Emancipator K, Kroll MH. Bromide interference: Is
less really better? Clin Chem 1990; 36: 1470-3.
Vesey CJ, Sweeney B, Cole PV. Decay of nitroprus-
sides. II: in vivo. Brit J Anaeth 1990; 64: 704-9.
Simmons M, Sugahara K, Watanabe M. Development
of an improved chloride electrode for the Boehringer
Mannheim/Hitachi 700 series analyzers. Clin Chem
1988; 34: 1237-8.

Diamandis EP, Hadjiioannou TP. Titrimetric deter-
mination of iodide, hexacyanoferrate(Il), thiourea,
cationic surfactants, and of picrate with a picrate ion-
selective electrode. Mikrochim Acta 1980; II: 27-38.
Khan SA, Reuben BG. Use of bromide and thiocy-
anate ion-selective electrodes in the presence of qua-
ternary ammonium ions. J Appl Electrochem 1985; 15:
969.

Hirst AD, Stevens JF. Electrodes in clinical chemis-
try. Ann Clin Biochem 1985; 22: 460-88.

41



