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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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Introduction

Fluoride is used in dentistry primarily for caries prevention. Fluoride is the active ingredient for
caries prevention in many dental products such as dentifrices, gels, oral rinses, and fluoride releasing
varnishes. The fluoride concentration in these products is an integral part of other standards where
the product is intended to be analysed for fluoride content. This document provides methods based
on the use of fluoride ion-selective electrode technology for the analysis of the total fluoride content
in aqueous samples. The methods describe uses for fluoride ion-selective electrode technology and
anticipate that the sample-specific preparations such as digestion, distillation, etc. have been described
in the standards specific to product types.

© ISO 2018 - All rights reserved v
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Dentistry — Analysis of fluoride concentration in aqueous

SO

1

lutions by use of fluoride ion-selective electrode

Scope

This document specifies test methods for the quantification of fluoride concentrations in dental
prod : . tfrices; , . : . . . ,
containing products. The methods are based on fluoride ion-selective electrode techno
analysis of fluoride in aqueous samples derived from dental products.

2
The

Normative references

following documents are referred to in the text in such a way that some or all of t

constitutes requirements of this document. For dated references, onlyJthe edition cited

und
ISO
ISO
ISO
ISO

For

ISO

4

dted references, the latest edition of the referenced document (in¢luding any amendme
18-2, Chemistry — Layouts for standards — Part 2: Methodsof,chemical analysis
835, Laboratory glassware — Graduated pipettes

1942, Dentistry — Vocabulary

3696, Water for analytical laboratory use — Spegification and test methods

Terms and definitions
the purposes of this document, the\terms and definitions given in ISO 78-2 and ISO 194
dnd IEC maintain terminological-databases for use in standardization at the following 3

IEC Electropedia: availaple-at http://www.electropedia.org/

ISO Online browsing platform: available at https://www.iso.org/obp

Principle

This|test method covers the determination of fluoride concentration in aqueous solutions d
dental preducts. The following test methods are presupposed to use fluoride ion-selectiv|
(F-ISE).:

her fluoride
logy for the

heir content
applies. For
hts) applies.

P apply.

ddresses:

erived from
b electrodes

The sensing element of the fluoride ion-selective electrode consists of a single crystal of europium (II)-
doped lanthanum fluoride, LaF3. When the sensing element is in contact with a solution containing
fluoride ions, an electrode potential develops across the sensing element. This potential, which depends
on the activity of free fluoride ion in solution {F-}, is measured against a constant reference electrode
potential with a digital pH/mV meter or ISE (concentration) potentiometer. A potential (E) is developed
which is proportional to the logarithm of the activity of the fluoride ion {F-} in solution following the
Nernst Equation.

E=Ep+S *log {F}

© ISO 2018 - All rights reserved
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where

E

2018(E)

is the measured electrode potential;

Eo isthe reference potential (a constant);

{F-} is the fluoride ion activity level in solution;

S

is the electrode slope (58,2 mV per decade change of {F-} at 20 °C).

The level of fluoride ion, {F-}, is the activity or “effective concentration” of free fluorlde ion in solution.

The fluoride+

jop-activrbyis vo]f\fnr" to Fvan FI .nmAa jon-concentration 2] flf\a act

The activity]
strength of
buffer solut
the optimal
strength of
solution. TI{
procedure.

preparation

of known ¢
concentrati

The sample
composition
(190 mg/1F

5 Reage

tetraacetic

vu,J LEVEN I V] UJ

coefficient is related to the ionic strength of the solution. For these measurements, theli
the samples and standards are held constant by the use of total ionic strengthadju
on (TISAB), which also chelates fluoride-binding cations and establishes the selution

level for the fluoride ion-selective electrode sensitivity. When using TISAB{to-set the

AB may come in several variations. Which one to use is specific to the'sample prepar

to properly identify them.

coCTTTICTY

he solution, the electric potential is proportional to the concentration of-the fluoride i

ieignt, y.

ionic
sting
bH at
ionic
on in
htion

Dne has to be aware that other interferences may exist and it is up. to)the user and sajmple

A calibration curve is drawn, plotting measured potential versus the log of the fluoride ion concentrption
tandard solutions. Then, the potential for the unknowh‘)sample is measured and the
n of F- in the sample can be calculated from the calibratien curve.
will have been pretreated as specified for the particular sample type, and the |final
is an aqueous sample of at least 1 ml volume. Samples that contain more than 0,01 m¢l/1 F
shall be diluted to concentrations less than 0,01*mol/I F with deionized water.
hts and materials
5.1 Chemijcals to prepare total ionic strength adjusting buffer (TISAB) solution.
5.1.1 Cyclohexylene dinitrilotetraacetic acid (CDTA) or 1,2-diaminocyclohexane-N,N,N’,N’-
acid.
ic acid (CH3COOH)veagent grade.

5.1.2 Acet

5.1.3 Sod

5.1.4 Sod

um chloride)(NacCl) salt.

um hydrexide (NaOH), at 5 mol/I.

5.1.5 Deiclmized water, in accordance with ISO 3696, grade 2.

5.2 Chem

icals to prepare sodium fluoride standards.

5.2.1 Sodium fluoride (NaF), previously dried at least 4 h at 150°C.

5.2.2 Deionized water, in accordance with ISO 3696, grade 2.

6 Apparatus

6.1 Analy

tical balance, accurate to 0,000 1 g.

© ISO 2018 - All rights reserved
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Magnetic stir bar.

Magnetic stir plate.

6.4 Pipette, of nominal capacity 5,0 ml to smallest scale division: 0,05 ml; 1,0 ml to 0,01 ml; and

0,10

ml to 0,01 ml], in accordance with ISO 835, Class A.

6.5 Fluoride ion-selective electrode (F-ISE) with separate reference electrode, or combination
F-ISE /reference electrode pair.

6.6 | Plastic vial (or beaker or small container), 20 or more ml capacity.
NOTH Fluoride does not react with plastic but does react with glass.
6.7 | pH/mV electrometer (pH meter), with a sensitivity of + 0,1 mV.

7 Preparation

7.1

TISAB solution

7.1.1 In a 11 beaker with about 500 ml deionized H;0, dissolve 57 ml CH3COOH, 58 g N
CDTA or 1,2-diaminocyclohexane-N,N,N’,N’-tetraacetic acid;

7.1.1 Cool to room temperature and adjust pH to 5,0=5,5 with 5 mol/1 NaOH.

7.1.3 Cool to room temperature, transfer to 1 I'volumetric flask, and dilute to volume with de

NOTH Preparation of TISAB solution is described in ASTM D1179-16 (11, 18.1.

TISAB is the buffering system that is’used to prepare the sample for analysis via the f
seledtive electrode (F-ISE). The F:ISE has several limitations that can limit its use. It is se

to io
Mult

hic fluoride in solution, and cannot respond to complexes of fluoride such as calci
valent cations such as €alcium, magnesium, iron, aluminium, etc., can form fluoride g

solutlion which reduces the ionic fluoride concentration. Additionally, the F-ISE is sensitive
in sgmple pH and to_th® ionic strength of the sample. For accurate analyses, the samy

stan
that
ionic
also

lards must haye-the same pH and ionic strength. The fluoride complexes must be dis
h1l the fluoride'in the sample and standard is in its ionic form. To address these limita
strength ddjusting buffering system (TISAB) that adjusts the sample pH and ionic sf
rontains'chelators to bind the cations that can form fluoride complexes, is used.

TISAB [I®{Orion Research) is available from Thermo Fisher Scientific, Beverly, MA 01915 [

7.2

aCl,and 4 g

ionized H>O.

luoride ion-
nsitive only
im-fluoride.
omplexes in
0 variations
les and the
rupted such
ions, a total
rength, and

JSAL),

TISAB blank solution

Mix equal volumes of TISAB and deionized water for the blank solution.

7.3

Fluoride standard solutions

7.3.1 1 x 10-2 mol/l NaF standard solution: dissolve 209,9 mg accurately weighed NaF
deionized H30, then quantitatively transfer to a 500 ml volumetric flask, and dilute to volume with
deionized H>O.

into 200 ml

1) Thisinformation is given for the convenience of users of this document and does not constitute an endorsement
by ISO of the product named. Equivalent products may be used if they can be shown to lead to the same results.

© ISO
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7.3.2 1 x 10-3 mol/l NaF standard solution: pipette 25,0 ml of 10-2 mol/1 NaF standard solution to
250 ml volumetric flask. Dilute to volume with deionized H7O.

7.3.3 1 x 104 mol/I NaF standard solution: pipette 25,0 ml 10-3 mol/I solution to 250 ml volumetric

flask. Dilute

to volume with deionized H;O.

7.3.4 1 x 10-5 mol/l NaF standard solution: pipette 25,0 ml 10-4 mol/l solution to 250 ml volumetric

flask. Dilute

to volume with deionized H;O.

7.4 Calibration curve

7.4.1 Pipg
7.4.2 Add
7.4.3 Add

7.4.4
stirring.

Inse|

7.4.5 Rec
electromete

The F-ISE is
to attain st{
1 x 10-5 mg
reach a stab

NOTE Wi
standard sol
contaminatid

7.4.6 Rem

7.4.7 Con
readings is |

7.4.8 Rep

7.4.9 Con

tte 5,0 ml of each standard solution into a plastic vial (or beaker or small containery.
5,0 ml of TISAB buffer solution to each plastic vial.
magnetic stir bar and mix thoroughly.

rt the F-ISE and reference electrode(s) (6.5) into the standard solution under mod

rd the millivolt reading to 0,1 mV at the steady.potential difference with the
r (6.7).

considered stable when the drift in millivolts isJess than + 0,5 mV/min. The time req
hble millivolt response is typically longer forimore dilute samples. It is not unusual
1/1 solution to take 2 min to become stable; however, it should not take longer than 5
le response.

hen measuring the millivolt response of-the standard solutions, determine the response for
ition starting with the most diluteand proceed to the most concentrated. These steps pr

ove the electrode(s) fromthe solution, rinse and blot dry and replace into the same soly

Huct at least twoAaneasurements for millivolt readings until the difference between thg
pss than 0,2 my.

bat 7.4.1 €0y7.4.7 for each of the other standard solutions.

stricet a calibration curve of electrode potential (millivolts) measured versus the logig ¢

erate

mV

hired
for a
into

each
event

n of dilute standards from carry over from the concentrated standards, and shortens the response
time requiredl to reach stable values.

ition.

two

f the

fluoride ion

concentration of the standard. See Figure 1 where the calibration curve is a straigh

F line
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with a coefficient of determination (r2) of 0,999 90, with a slope of -58,2 mv/log [F] concentration and
intercept of -569,1 mV.

Y

-250.0

-300,0 \
\

_350,0 \\

-400,0

-450,0 ¢

-500,0 X
-5,000 -4,000 -3,000 22,000

Key
X lpg[F] mol/I
Y potential (mV)

Figure 1 —Fluoride ion-selective electrode calibration curve

The galibration curve shal¥'be linear, with a coefficient of determination (r2) greater than 0,95, and a
slopg between -56 mY:and -60 mV per decade difference in fluoride concentration.

8 Procedure

8.1 | Direct analysis technique

8.1.1 Dilute each sample solution with equal volume of TISAB (50:50) into a separate plastic vial (or
beaker or small container) and mix thoroughly.

8.1.2 Insertthe F-ISE and reference electrode(s) into the liquid in the plastic vial containing the sample
solution while stirring.

8.1.3 Record the millivolt reading to 0,1 mV at the steady potential difference with the mV electrometer.

8.1.4 Remove the electrode(s) from the sample solution, rinse with deionized water and gently blot
dry the electrode(s).

© IS0 2018 - All rights reserved 5
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8.1.5 Conduct at least two measurements for millivolt readings until the difference between the two
readings is less than 0,2 mV.

8.1.6 Repeat8.1.1 to 8.1.5 for each of the other sample solutions.

8.1.7

TISAB blank solution by a factor of 100 and reanalyse the sample.

8.2 Standard addition technique

If the apparent fluoride concentration is greater than 1 x 10-2 mol/l, dilute the sample with

This technid
is contamin

8.2.1 Prey
in separate |

8.2.2 Too

8.2.3 Add
mol/l], or 1 ¥

8.2.4 Dilu

8.2.5 Inse
sample solu

8.2.6 Recq

8.2.7 Rem
dry the elect

8.2.8 Con
readings is |

8.2.9 Ifth
than 1 x 10

8.2.10 Rem
gently blot d

hted with other substances that alter the assay.

are a standard addition series of four sample solutions of equal and known yélume (4,
blastic vials (or beakers or small containers).

ne sample, add 1,0 ml deionized water.

1,0 ml of NaF standard solution of differing concentrations, suchyas 1 x 10-3 mol/l, 5 x
10-2 mol/I, to each of the remaining sample solutions.

fe each with 5,0 ml of TISAB (50:50) and mix thoroughly:

rt the F-ISE/reference electrode(s) into the liquid in the first plastic vial containin
fion while stirring.

ove the electrode(s) from the samplé solution, rinse with deionized water and gently,
rode(s).

luct at least two measurements for millivolt readings until the difference between thg
bss than 0,2 mV.

e apparent fluoride concentration of the first sample in the standard addition series is gr

ry the'electrode(s).

8.2.11 Inse

jue 1S sultable Tor samples that may have bound rluoride 10n, or when the unknown sam

2 mol/l, dilute€he’sample with TISAB blank solution by a factor of 100 and return to 8.4.1

ove the &-1SE /reference electrode(s) from the sample and rinse with deionized water

ple

) ml)

10-3

b the

rd the millivolt reading to 0,1 mV at the steady potential difference with the mV electrometer.

blot

two

pater

1.

and

pries.

t the F-ISE /reference electrode(s) into the liquid in the second sample solution of the s

8.2.12 Record the millivolt reading to 0,1 mV at the steady potential difference with the mV electrometer.

8.2.13 Remove the electrode(s) from the sample solution, rinse with deionized water and gently blot
dry the electrode(s).

8.2.14 Conduct at least two measurements for millivolt readings until the difference between the two
readings is less than 0,2 mV.

8.2.15 Repeat 8.2.11 to 8.2.14 for the third and fourth sample solutions in the series.

© ISO 2018 - All rights reserved
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Dilution analysis technique

technique is suitable for samples of small volume.

8.3.1 Place 4,950 ml TISAB blank solution in a plastic vial with stir bar.

8.3.2 Record the millivolt reading of the TISAB blank solution to within # 1 mV at the steady potential
difference with the mV electrometer.

8.3.3 Add 50 pl sample to the 4,950 ml blank while stirring.

8.3.4

8.3.5

8.4
This

or the samples are of high concentration.

8.4.1

8.4.2
diffe

8.4.3
whild

8.4.4

8.4.5

8.4.4

8.4.7

8.5
This

Determine and record a stable mV potential within + 0,1 mV.
Repeat 8.3.1 to 8.3.4 for each of the other sample solutions.

Multiple sample addition technique

technique is suitable for samples of complex matrix, and only small.amount of samples §

Place 4,950 ml TISAB blank solution in a plastic vial with\stir bar.

Record the millivolt reading of the TISAB blank solution to within + 0,1 mV at the ste3
rence with the mV electrometer.

With the F-ISE/reference electrode(s) in‘¢he solution, add 50 pl sample to the 4,9
P stirring.

Determine and record a stable mWpotential within * 0,1 mV.
Add an additional 50 pl sample to the solution while stirring.
Determine and record-a stable mV potential within + 0,1 mV.
Repeat the procedures described in 8.4.5 and 8.4.6 twice more.

Internal'standards technique

technique is suitable for samples of complex matrix.

8.5.

\re available

dy potential

50 ml blank

Prepare a set of internal standards where these standards receive the same steps for

preparation

as the samples. Follow the steps in 8.1 to determine the potential of the internal standards and samples.

9 Technical notes about the analytical techniques

9.1

9.2

9.3

9.4

© ISO

Clean and carefully blot dry the electrode(s) between each measurement.
Store electrode(s) according to manufactures recommendations.
Measurements shall be made at a stable temperature.

Samples and standards shall be at the same temperature.
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10 Calculations

10.1 Direct analysis technique

10.1.1 Use the calibration curve of standard solutions (7.4) to determine the apparent fluoride
concentration ([Fgj]) in the sample solution in mol/l.

10.2 Standard additions technique

o dad o ne (7 AV 4o daotaraain o a

10.2.1 Use ¢k

for the samy

10.2.2 Con
concentratid
than 0,95. T

thao fliaoi da 1o, S o St
110 \_I . IJ CU UCLUTIIIIIIC LIIC TTUVUIITUC TUIT CUITIC O IILT

le solution in the standard addition series in mol/I.

acalilbheotio S AF o oy alatia
IITC CAITUTIALIVII CUILI VO Ul oltdITudIi v OovIulIv

btruct a plot of added fluoride (mol/1) for each sample versus the measured:fluorid
n for those samples. The line shall be linear with a coefficient of determination (r2) gr
he X-intercept of the linear regression of this plot is the fluoride ion céncentration g

ation

b jon
pater
f the

unknown sample in mol/l. Alternatively, the fluoride ion concentration of the unknown can be calculated

from the lin
the x intercq
linear with {
fluoride con
make the sly
mol/I (1 104

1,2E-02

1,0E-02

8,0E-0]

6,0E-0]

4,0E-0]

2,0E-0]

0,0E+0
-1

ear regression by dividing the Y-intercept by the slope. See Figure-2:-The absolute val
pt is the fluoride concentration in the sample. In this example, the\standard addition 1
he equation y = 0,467 1 x - 0,006 8 and a coefficient of determination (r2) of 0,998 3
centration of the slurry = 0,014 5 mol/1 (276,3 pg/1) and because the dilution factor wag
rry, the fluoride concentration of the NaF dentifrice is 4 xthe slurry concentration = 0,
ug/D).

Y

/
o
P

X-intercept = -0,0145 mol/1

X

,5E<02 -1,0E-02 -5,0E-03 0,0E+00 5,0E-03 1,0E-02

ue of
ne is

The
4,to
582

Key
X
Y measure

NOTE

added F(mol/1)

d F(mol/1)

Technique for a NaF dentifrice slurry, that was not hydrolyzed or centrifuged, of 1 part dentifrice

and 3 parts deionized water. The fluoride concentration of the slurry = 0,014 5 mol/1 (276,3 pg/1) and because
the dilution factor was 4 to make the slurry the fluoride concentration of the NaF dentifrice is 4 x the slurry
concentration = 0,058 2 mol/1 (1 105 pg/1).

Figure 2 — Fluoride analysis via standard additions
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