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introduction

Fluoride ions occur in almost all ground and surface’waterg
centration depends primarily on the hydrogeologital® condi
generally below 1 mg/l.

Certain industrial waste waters may also contdin fluoride ig
concentrations.

The fluoride value is also dependantCon the type and cong
cations present at the same time i water, such as Ca“, M
Fe**, which may form sparingly, s6luble compounds with flu
complexes of low dissociation-cénstant.

Apart from these compounds, stable boron-fluoride complexg

Several different methods are available for determining fluo
choice of method depends on the type of problem posed as

a) Direct measurement using fluoride ion selective elec
method jssuitable for the determination of fluoride in
surface-water.

It is specified in this part of ISO 10359.

b) “Petermination of the total inorganically bound fluoride u
position, distillation and potentiometric measurement.

This method will be specified in ISO 10359-2.

[
bride ions or

[

. Their con-
ions and is

ns in higher

entration of
gz+, A|3+ or

s exist.

ride and the
follows.

rodes. This
potable and

5ing decom-
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INTERNATIONAL STANDARD

ISO 10359-1:1992(E)

Water quality — Determination of fluoride —

Part|1:

Electrochemical probe method for potable and lightly

polluted water

1 Scgpe

1.1 Field of application

This paft of ISO 10359 specifies a method for the
determination of dissolved fluoride in fresh, potable
and low]| contaminated water, and some surface way
ters, using an electrochemical technique.

The method is directly suitable for measuringcfluoride
concentfations from 0,2 mg/l to 2,0 g/l

After the addition of a known amount "of fluoride,
concentfations as low as 0,02 mg(l"can be detected
(see 7.3).

The method is not suitablefer“waste waters and in-

dustrial pffluents; this determination will be the sub-
ject of 1$0 10359-2.

1.2 Interferences

The eledtrade will respond directly to hydroxide ions

2 Normative reference

The following standard contains providions which,
through reference in this text, constitute provisions
of this part of ISO 10359. At the time of publication,
thie edition indicated was valid. All standgrds are sub-
ject to revision, and parties to agreemer|ts based on

this part of ISO 10359 are encouraged t
the possibility of applying the most rece

b investigate
nt edition of

the standard indicated below. Members of |IEC and

ISO maintain registers of currently valid
Standards.

International

ISO 5667-3:—", Water quality — Sampling — Part 3:

Guidance on the preservation and
samples.

3 Principle

When a fluoride ion-selective electrode
contact with an aqueous solution contai
jons, a potential difference develops b
measuring electrode and the reference el
value of this potential difference is propo

handling of

comes into
hing fluoride
etween the
ectrode. The
'tional to the

The formation of HF under acidic conditions will re-
duce the measured fluoride concentration. Therefore,
buffer all test aliquots to a pH between 5 and 7 to
prevent such interference. Cations such as calcium,
magnesium, iron and aluminium form complexes with
fluoride or precipitates to which the electrode does
not respond. Therefore the buffer solution also con-
tains  trans-1,2-diaminocyclohexane-N,N,N’,N'-tetra-
acetic acid (CDTA) as a decomplexing agent to free
bound fluoride. The boron tetrafluoride anion, BFy, is
not decomplexed by the addition of buffer.

1) To be published. (Revision of 1ISO 5667-3:1985)

fogarithmTof—thre—vatue—of—the—fiuoride—on activity in

accordance with the Nernst equation.

Temperature and ionic strength may influence the

potential difference. Accordingly, these

parameters

shall be the same during calibration and measurement
and shall be kept constant throughout the procedure.

The activity of the fluoride ions is also pH-dependant.
Values of pH between 5 and 7 have proved favorable
for measurement. Special buffer solutions are used to

fix the pH and the activity coefficient.
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On these assumptions, this method will no longer re-
fer to activities, but to fluoride ion concentrations.

Fluoride ion-selective electrodes operate between
0,2 mg/l and 2 000 mg/l, and show a linear relation-
ship between the potential and the logarithm of the

numerical value of the fluoride activity.

4 Reagents

4.3.2 Fluoride, working standard solution I, 5 mg|l.

Pipette 5 ml of the fluoride stock solution (4.3) into a
1 000 ml one-mark volumetric flask and make up to
the mark with water.

4.3.3 Fluoride,
1 mg]l.

working standard solution I,

Pipette 100 ml of the working standard solution |
(4.3.1) into a 1 000 m! one-mark volumetric flask and
make up to the mark with water.

During the an
analytical grad
equivalent pur

4.1 Sodium

Dissolve cauti
ide in water, ¢

4.2 Total
(TISAB).

Add 58 g of
glacial acetic
500 ml of watsg
Add 150 ml of
4 g of CDTA {

Y515, USe only Teagents of recognized
e and only distilled water or water of

ty.

hydroxide, ¢(NaOH) = 5 mol/I.

busly 100 g + 0,5 g of sodium hydrox-
pol and dilute to 500 ml.

ionic strength adjustment buffer

sodium  chloride (NaCl) and 57 ml of
acid [p(CH;COOH) = 1,05 g/ml] to
rin a1 litre beaker. Stir until dissolved.
the sodium hydroxide solution (4.1) and
rans-1,2-diaminocyclohexane-N,N,N',N'-

tetraacetic acidl). Continue stirring until all the solids

have dissolved
sodium hydrox
toa 1 000 ml
the mark with

The solution is
use it if a prec

NOTE 1 This

4.3 Fluoride,
Dry a portion

and adjust the solution to pH 5,2 with
de solution using a pH meter. Transfer
pbne-mark volumetric flask, make up te
water and mix.

stable for about 6 months, but‘do not
pitate forms.

Solution is commercially available.

stock solution, 1-000 mgj!.
bf sodium fluéride (NaF) at 150 °C for

4 h and cool il a desiccator.

Dissolve 2,210 g £0;001 g of the dried material in

water contain

d~inva 1 000 ml one-mark volumetric

flask. Make uplto-the mark with water and mix

4.3.4 Fluoride,
0,5 mgll.

working standard solution IV,

Pipette 100 ml of the working standard solution Il
(4.3.2) into a 1 000 ml one-mark~Vvolumetric flagk and
make up to the mark with water,

4.3.5 Fluoride,
0,2 mgy/l.

working—’ standard solutign V,

Pipette 20 mi of/the working standard solytion |
(4.3.1) into a 1.000 ml one-mark volumetric flagk and
make up to the mark with water.

5 Apparatus

Usial laboratory apparatus and

5.1 Meter, a millivolt meter with an impedarce of
not less than 102 Q, capable of resolving potential
differences of 0,1 mV or better.

5.2 Fluoride ion-selective electrode, which shall
give stable readings. The e.m.f response, using stan-
dard solutions, shall not be less than 55 mV pdr dec-
ade change in fluoride concentration at 25 °C.

5.3 Reference electrode, either a cglomel
electrode, filled with saturated potassium chloride
(KCI) solution, or a silver/silver chloride electrod¢ shall
be used.

NOTE 2  Single junction, sleeve-type electrodes [which
reduce the liquid-liquid junction potential are preferafe.

Store the solution in a screw-capped polyethylene

container.

4.3.1
10 mg/l.

Fluoride,

working standard solution |,

Pipette 10 ml of the fluoride stock solution (4.3) into
a 1 000 ml one-mark volumetric flask. Make up to the
mark with water and mix.

All standard solutions should be stored in plastic bot-
tles and are usable for one month.

5.4 Measuring cells, of capacity 100 ml, made of
polypropylene and fitted with a thermostatted jacket.

5.5 Water bath, capable of supplying water to the
jacket of the measuring cell (5.4) at a temperature of
25°C 4+ 0,2 °C.

5.6 Magnetic stirrer, with a polytetrafluoroethylene
(PTFE)-coated stirring bar.

5.7 Polyethylene beaker, of capacity 100 ml.
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5.8 Membrane filtration device, with membrane
filters of pore size 0,45 pm.

6 Sam

pling and sample preservation

Samples shall be taken in polyethylene bottles which

have been washed thoroughly and
fluoride-free water.

rinsed with

No preservative is normally

necessary, but the analysis should be performed as

ISO 10359-1:1992(E)

After measuring the high concentrations, recondition
the electrode before measuring the low concen-

trations (see 7.1).

Measure all the solutions according to the following

procedure.

Wiait until constant temperature (e.g. 25 °C + 0,5 °C)
is reached and carry out all the measurements at this

temperature.

e PESAT NP o . Put a stirring bar into the measuring cel| (5.4) and
soon as SSTOTC, PreTeranly Wit o ddys. (SE€ disu - . . <
1SO 56673.) place it on the magnetic stirrer (5.6).
Insert the electrodes (5.2) into the.solutipn and fix
them in place.
7 Procedure Adjust the stirring rate téyabout 180 min™' to
200 min™".
7.1 Preparation for measurement When the potential does not change by more than
0,5 mV in 5 min, switch off the stirrer. Affer at least
Since the|electrode characteristics of a fluoride ion- 15 s, record the value obtained.
selective glectrode generally vary with time, check the . L, .
calibration curve ongthe dayyof [}{se Rinse the stirring bar and the electrodes with the next
' solution to“be measured, before starting the next

To accele
potential,
ment in th

Prior to m
in the cell
5 (see tab|

After rinsi
the electr

rate the establishment of the equilibrium
condition the electrode prior to measure-
e following way.

easurement, immerse the electrode for 1 h
(5.4) which contains the reference solution
el).

ng with the first solution to be measured,
pde is ready for use.

7.2 Measurement

Filter the

NOTE 3
however th

Pipette 25
25 ml of
(5.4).

bolution through a membrane filter (5.8).

Measurement without filtration is also possible,
is should be stated, with the result.

ml of the.buffer solution (4.2), followed by
the water/sample, into a measuring cell

Ensure th

bt-the pH is 5,2 + 0,2; if necessary, adjust

measurement.

7.3 Measurement after concentration

enhancement

If a water sample contains less than 0
proceed as follows:

— to 25 ml of the sample, add 500 pl of t

2 mg/l F~,

he fluoride

standard solution | (4.3.1) using a pist¢n pipette,

and 25 ml of the buffer solution (4,
volumetric pipette;

— continue as described in 7.2;

2) with a

— when calculating the result, subtract the amount

of fluoride ions added from the total res

ult.

the pH with hydrochloric acid or sodium hydroxide
solution, using as little as possible.

NOTES

4 If a precipitate is formed, perform the analysis with a
diluted sample.

5 Any dilution of the sample should be taken into account
during the calculation of the results.

For a series of determinations, start the measurement
with the lowest concentration and finish with the
highest following the anticipated concentration of the
samples.

7-4 —Calibration

Establish a calibration function using the five refer-
ence solutions in the corresponding concentration
range.

For the range 0,2 mg/l to 10 mg/l, proceed as follows:

— pipette 25,0 ml of the buffer solution (4.2) into
each of five measuring cells (5.4);

— pipette the respective volumes of the working
standard fluoride solutions specified in table 1 into
the measuring flasks.
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Table 1 — Preparation of reference solutions

Regular checking of the calibration graph is e

ssential.

Ensure that the slope is not less than 55 mV, other-
wise check the equipment and establish a new cali-

bration graph.

8 Calculation and expression of results

Plot the calibration values on semi-logarithmi

Cc paper,

with the fluoride concentrations, in milligrams per li-
tre, on the abscissa and the cell potential, in millivolts,

on the ordinate and establish the regression |

ine.

Working .
Reference Buff_er standard Fluorldg )
solution solution solution concentration
No.
ml No.2 | ml mg/!
1 25 | 25 10
2 25 Il 25 5
3 25 11 25 1
4 25 \% 25 0.5
5 25 \Y 25 0.2
1) The tefm “concentration” refers to the concen-
tration of tHe working standard solutions and the sam-
ple solutiops but not to the concentration of the
measuring golutions after addition of the buffer.
2) See 4.3]1t0 4.3.5.

For the esta
ceed step by
most conc
measureme
concentratio|

After the ab
recondition
the referenc
inate memo

Use the fol
bers refer tq

5 —rins

— 1 —

measurin

If the individ

blishment of the calibration function pro-
step from the most dilute solution to the
bntrated  solution, rinsing after each
\t with the solution of the next highest
n.

hve measurements have been completed,
he electrode for 5 min to 10 min, using
e solution 5 (see table 1) in order to elim-
vy effects.

owing order of measurement (the num?=
the reference solutions in table 1):

b — 4 — rinse — 3 — rinse — 2 ==<rinse
rinse with 5 — recondition\— repeat
g run.

ual values of the parallel séeries vary from

the first sefies by more than £065 mV, repeat the

measuring r

Lin.

Read the value for the samples by using
gression line and express the mass concent
fluoride in milligrams per litre.

NOTE 6 The evaluation may als@’be)calculated
Nernst equation (see for examplg 1}y

9 Precision

An interlaboratory ~frial, carried out in Ger
1982, gave the sesults shown in table 2.

10 Test report

The test report shall include the following info
al\ a reference to this International Standard;
b) the date and place of testing;

c) a precise identification of the sample;

d) the results and the method of expression
e) a description of the electrode pair used;
f) any deviation from the procedure specifie

other circumstances that may have affe
results.

the re-
ration of

Lising the

many in

rmation:

used;

d or any
cted the
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Table 2 — Precision data

X WFR vC V
No. Sample ! n p * 7 r 7R Ca
mg/l mgyl % mgy/l % mg/l %
1 Drinking water 12 48 0,275 0,283 — 0,021 7.4 0,0068 2,4
2 Drinking water + F~ 13 52 2,4+0,275 | 2,596 — 0,103 4,0 0,0395 1.5
3 Drinking water + F~
+15 mg Al
13 52 5,0+0,275 | 4,340 — 0,110 2,5 0.0559 1.3
100 mg Mg
500 mg Ca
41 Distilled water + F~
+ 100 mg Fe
15 mg Al 1 43 0.6 0,531 88,5 0,024 4,5 0,0116 2,2
100 mg Mg
500 mg Ca
51 Distilled water + F~
+100 mg Fe
15 mg Al 12 48 8,6 6,864 79.8 0,195 28 0,0701 1.0
100 mg Mg
500 mg Ca
6" Same as 5 + F~ 12 48 60,6 46,351 76,5 1,560 34 0,6433 1,4
l Number of laboratories - -
o, Repeatability standard deviation
n Number of values ) o o
VC, Repeatability variation coefficient
p Mass concentration o .
oR Reproducibility standard deviation
X Mean value - -
VC;  Reproducibility variation coefficient
WFR| Recovery rate
1) In saples 4, 5 and 65 the fluoride content is based only on different mass concentrations achieved by adding.
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