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Abstract
The performance of the fluoride ion selective electrode (F-ISE) potentiometric method was evaluated for fluoride determination in natural and drinking water and the pitfalls that could prevent accurate analyses were assessed. Guidelines are provided
for the accurate implementation of the F-ISE method for low-level F- determination in the routine analytical laboratory. The
following aspects were evaluated: minimising electrode drift, electrode care and optimisation, the use of different TISAB
(total ion strength adjustment buffer) solutions, calibration procedures for trace F-, interference correction procedures, matrix
effects, and the determination of the analytical parameters. The methodologies and procedures proposed in this work were
applied in an SABS proficiency testing programme (Water Check Programme-2004) which included low-level F- determination in natural water and synthetic samples with varying amounts of possible interfering elements. The accuracy of the results
was excellent confirming the versatility of F-ISE for low-level F- determinations in routine laboratories provided that the
correct analytical procedures are followed and common pitfalls are avoided.
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Introduction
South Africa has approved the mandatory implementation of
water fluoridation of municipal water. The ability to measure
fluoride accurately in natural and drinking water at concentration levels < 1 mg/ℓ is an obvious prerequisite for the safe and
effective implementation of water fluoridation. A recent study
(Noh and Coetzee, 2006) has shown that the proficiency of many
analytical laboratories in South Africa to determine F- at these
low levels is inadequate. The current study investigates the reasons for this less than satisfactory performance of South African
laboratories and evaluates the fluoride ion selective ion (F-ISE)
potentiometric method, the most common instrumental technique used for fluoride determination in water. The specific aim
is to study the performance of the F-ISE method for low-level
(< 1 mg/ℓ) F- determination, determine the pitfalls that could prevent accurate analyses, and provide guidelines for the successful
implementation of F-ISE in the routine analytical laboratory.
Fluoride (F-) in water can be determined in a number of
ways, using instrumental methods such as potentiometry with
ion-selective electrodes (ISE) (Richard 1969; Wang, 1995;
McCaffrey, 1994; Lopes da Conceição, 2000; Van Staden, 2000;
US EPA Method 13B), spectrophotometry (Bellack 1958; Crosby
et al., 1968; Cabello-Tomas and West, 1969; Wada et al. 1985;
Yuchi et al., 1995; Khalifa and Hafez, 1998; Oszwaldowski et
al., 1998; Faraj-Zadeh and Kalhor, 2001; Nishimoto et al., 2001;
Garrido et al., 2002; US EPA method 13A), inductively coupled
plasma-mass spectrometry (Bayón et al., 1999; Okamoto, 2001),
complexometry (Pickering, 1986; Saha, 1993), capillary ion
analysis (Bondoux and Jones, 1995; Saad et al., 1998), and ion
chromatography (IC) (Jones, 1992; Moskvin et al., 1998; Jackson, 2001; Dionex (Application Note 133,135,140 and 154).
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The fluoride ion selective electrode (F-ISE) is the most
widely used for the determination of F- due to its simplicity and
short analysis time while ion chromatography (IC) offers a useful
alternative because of good selectivity and sensitivity. Although
the SPANDS method achieved high sensitivity, this method is
now less frequently used in routine analytical laboratories as it
is labour-intensive, has poor selectivity, and is time-consuming
(Crosby et al., 1968; Mac Leod and Crist, 1973; Oszwaldowski et
al., 1998). Apart from these three, the other methods listed above
are not used in routine F- determinations. F-ISE was found to be
the most common method in South Africa (Noh and Coetzee,
2006), for the routine determination of F- at trace concentration
levels.
The current study was undertaken to evaluate ISE, for lowlevel F- determination, to compile guidelines on how to avoid
common pitfalls, and how to apply the method accurately for
trace F- determination in natural and drinking water. The following aspects were evaluated: minimising electrode drift, electrode care and optimisation, the use of different TISAB solutions
(total ion strength adjustment buffer), calibration procedures for
trace F-, interference correction procedures, matrix effects, and
the determination of the analytical parameters.

Experimental details
Instrumentation
The F- concentration was measured using an F-ISE (9404 sc
Orion Research Inc., MA, USA) in combination with an Ag/
AgCl single junction reference electrode (Orion Model 90-01)
connected to the read-out device, ORION 960 Auto Chemistry
System (Orion Research Inc., MA, USA).
Standards and reagent solutions
Stock F - solution and F - standards
A 1 000 mg F-/ℓ sodium F- stock solution was prepared by dis-
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