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Introduction

Fluoride ions occur in almost all ground and surface ‘water
centration depends primarily on the hydrogeological cond
generally below 1 mg/l. Certain industrial waste ‘waters may
fluoride ions in higher concentrations.

The fluoride concentration is also dependant on the type and ¢
of cations present at the same time ip-Wwater, such as Ca?",
Fe®*, which may form sparingly soluble compounds with flu
complexes of low dissociation grade. In addition, stable b
complexes exist. Several differéent methods are available for
fluoride and the choice of méethod depends on the type of pr|
as follows.

a) Direct measurement using fluoride ion selective eleg
method is suitable for the determination of fluoride in
surface water. It is included in ISO 10359-1.

b) Determination of inorganically bound total fluoride usin

sition,cdistillation and potentiometric measurement. Thi
included in this part of ISO 10359.

ISO 10359-2:1994(E)
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Water quality — Determination of fluoride —

Parﬂ 2:

Determination of inorganically bound total fluoride after

digestion and distillation

1 Scppe

1.1 Field of application

This pafrt of 1SO 10359 specifies a method for the
determination of inorganically bound total fluoride.
The mdthod is applicable to waste waters which are
highly dontaminated inorganically, with a fluoride~ion
concentration of more than 0,2 mg/l.

1.2 Interferences
Interferences caused by certaifi cations (see intro-

duction] or boron, which may occur in the determi-
nation df fluoride, need to be“eliminated by distillation.

2 Narmative reference

The following standard contains provisions which,
through|_réference in_this text, constitute provisions

3 Principle

Evaporation of the water sample to dryfess in an al-

kaline-medium. Fusing of the residue
hydroxide. Separation of the fluoride by
lation in the presence of a phosphorid
acid mixture. Determination of the flug
tration in the distillate by means of a
selective electrode (see ISO 10359-1).

4 Reagents

During the analysis, use only reagents (
analytical grade and only distilled water
equivalent purity.

4.1 Hydrochloric acid (HCI), p = 1,12 ¢

4.2 Phosphoric acid (H;PO,), p = 1,71

4.3 Sulfuric acid (H,SO,), p = 1,64 g/ml;

72,5 % (V/V).

with sodium
steam distil-
acid/sulfuric
ride concen-
fluoride ion-

f recognized

or water of

/ml.

g/mil.

—

of this part of ISO 10359. At the time of publication,
the edition indicated was valid. All standards are sub-
ject to revision, and parties to agreements based on
this part of ISO 10359 are encouraged to investigate
the possibility of applying the most recent edition of
the standard indicated below. Members of IEC and
ISO maintain registers of currently valid International
Standards.

ISO 6667-3:1994, Water quality — Sampling —
Part 3: Guidance on the preservation and handling of
samples.

4.4 Sodium hydroxide (NaOH), solid.

4.5 Sodium hydroxide solution
c¢(NaOH) =5 mol/l.

Dissolve cautiously 100 g + 0,5 g of sodium hydrox-

ide in water, cool and dilute to 500 ml.

4.6 Methyl red solution.

Dissolve 0,2 g of the sodium salt of
(Cq5H,4N3NaO,) in 100 mi of ethanol.

methyl red
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47 Total
(TISAB).

ionic strength adjustment buffer

Add 58 g of sodium chloride (NaCl) and 57 ml of
glacial acetic acid [p(CH3;COOH) = 1,05 g/ml] to
500 ml of water in a 1 litre beaker. Stir until dissolved.
Add 150 ml of the sodium hydroxide solution
(4.5) and 4 g of CDTA (trans-1,2-diaminocyclohexane-
N,N,N’,N-tetraacetic acid). Continue stirring until all
the solids have dissolved and adjust the solution to
pH 5,2 with sodium hydroxide solution using a

© ISO

4.8.5 Fluoride,
p =0,2 mg/l

working  standard  solution V,

Pipette 20 mi of the working standard solution |
(4.8.1) into a 1 000 ml one-mark volumetric flask and
make up to the mark with water.

All standard solutions are stored in plastics bottles and
are usable for 1 month.

5 Apparatus

pH-meter. Tra
flask, make u

The solution i
use it if a pre

NOTE 1  Thig

4.8 Fluoride

Dry a portion
4 h and cool i

Dissolve 2,21
water contain
flask. Make u

Store the so
container.

4.8.1 Fluorid
p =10 mg/l.

Pipette 10 ml
a 1 000 ml on
mark with wa

4.8.2 Fiuorigle,

p =5 mg|l.

Pipette 5 ml
1 000 ml one
the mark with

nsfer to a 1 000 ml one-mark volumetric
D to the mark with water and mix.

5 stable for about 6 months, but do not
Cipitate forms.

solution is commercially available.

, stock solution, g =1 000 mg/l.

of sodium fluoride (NaF) at 150 °C for
N a desiccator.

0 g + 0,001 g of the dried material in
ed in a 1 000 ml one-mark volumetric
b to the mark with water and mix.

ution in a screw-capped polyethylene

fe, working standard  solution;

of the fluoride stock solutiont(4.8) into
e-mark volumetric flask. Make Up to the
ter and mix.

working ,stanrdard  solution I,

of the steck solution (4.8) into a
tmark voelumetric flask and make up to
water

4.8.3 Fluoride;

p=1mg/l

Usuai laboratory apparatus and

5.1 Meter, 2 millivoltmeter with.an/impedance of
not less than 10'% @, capable af~resolving peptential
differences of 0,1 mV or better,

5.2 Fluoride ion-seieetive electrode, which shall
give stable readings.\Fhe e.m.f. response, using
standard solutions, Shall not be less than 55 fnV per
decade change,in{fluoride concentration at 25 [C.

5.3 Reference electrode, either a dalomel
electrode;, ~filled with saturated potassium dhloride
(KCh. sglution, or a silver/silver chloride electrode shall
be used.

NOTE 2  Single junction, sleeve type electrodeg which
reduce the liquid-liquid junction potential are preferaple.

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

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

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

5.7 Polyethylene beaker, of capacity 100 ml|

5.8 Nickel dishes, of a suitable size up to a chpacity

Lo . <l pu | | I LIl
VVUTRITTY olariuarua SUTUTTUTTTIT,

Pipette 100 m! of the working standard solution |

(4.8.1) into a

1 000 ml one-mark volumetric flask and

make up to the mark with water.

4.8.4 Fluoride,

p =0,5 mg/l.

working standard  solution IV,

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

of 700 ml.

5.9 Crucibles, of 60 ml nominal capacity, made of
glazed porcelain or nickel.

5.10 Distillation apparatus, (for example as shown
in figure 1) made of borosilicate glass, suitable for
steam distillation, consisting of a steam generating
device, a 250 mi distillation flask, provided with a
thermometer pocket with a 14/23 standard joint
accomodating a distillation head provided with a
splash head and dropping funnel and a coiled coolant


https://standardsiso.com/api/?name=5ff556bae3c99acc3c57d5575db00882

© ISO

tube condenser (with a jacket length of at least
30 cm). The thermometer has a 14/23 standard joint
and shall be suitable for a temperature range up to
200 °C.

5.11 Heating device for the distillation flask,
preferably an appropriately dimensioned heating
jacket.

5.12 Round-bottomed flasks, of capacities 500 m!

ISO 10359-2:1994(E)

6 Sampling and samples

Samples shall be taken in polyethylene bottles which
have been washed thoroughly and rinsed with
fluoride-free water. No preservative is normally
necessary but perform the analysis as soon as poss-
ible, preferably within 3 days. For further information
on sample preservation see I1ISO 5667-3.

7 Procedure

and 1 00 ml.

5.13 Volumetric flasks, of capacities 100 mi,
250 mifand 500 ml.

5.14 One-mark bulb pipettes, of capacities 10 mi,
20 mi, 5 ml and 50 ml.

5.15 Ripettes.

5.16 Narrow-mouthed reagent bottles, of capacity
500 m!) made of brown glass.

7.1 Evaporation and decompasition

Transfer 500 mi of the water sample, which has been
homogenized by shaking teva hickel dish (5.8). The
fluoride concentration shall’bé between|0,2 mg/l and
2 000 mg/l. For higher flyoride concentrptions, take a
suitably smaller volume:

Adjust the pH. of-the water sample to[11 to 12 by
adding sodium;*hydroxide solution (4.5)|and concen-
trate by evaporation to a volume of gpproximately
30 ml. Aransfer to a crucible (5.9) and carefully evap-
orate.to-dryness, avoiding overheating of splashing.

" Safety tulje

Distillation
flask
I‘ (250 ml)

Collecting vessel

Contact
thermometer

Heating jacket

Figure 1 — Example of a distillation apparatus
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Cover the residue with 2 g of sodium hydroxide

(4.4).

Heat the contents of the crucible to 400 °C to 500 °C
(dull red heat) and wait for 10 min.

Cool and dissolve the melt in a small volume of water.

7.2 Distillation

4

© |SO

7.3 Preparation for measurement

Since the electrode characteristics of a fluoride ion-
selective electrode (5.2) generally vary in the course
of time, check the calibration curve on the day of use
(see 7.4).

To improve the electrode response, condition the
electrode prior to measurement in the following way.

Prior to measurement, immerse the electrode for 1 h

Transfer the d
flask (see 5.10
not exceed 50

ssoived mett{see 71 toa distittation
), ensuring that the total volume does
ml.

Connect the flask to the rest of the distillation appa-

ratus (5.10).

Using the drg
sulfuric acid (4
(4.2).

Place a 500 m
sodium hydroX
outlet. Subme
the solution.

Switch on the
(5.11) for the g

When the con
duce steam.

Continue heati

pping funnel, carefully add 60 ml of
.3) and then 10 ml of phosphoric acid

| volumetric flask containing 20 ml of
ide solution (4.5) under the condenser
ge the outlet tube of the condenser in

steam generator and the heating jacket
istillation flask.

tents of the flask begin to boil, intro-

ng until the contents of the distillation

flask reach a t¢mperature of 155 °C.

Regulate the
proximately co

Adjust the ste
proximately 10

NOTE 3 For |

replace the ther
control the heati

Stop the distill

heating to keep this temperature ap-
hstant.

b supply for a distillation rate of ap-
mi/min.

hrger series of_analyses, it is advisable to
mometer by @”contact thermometer and to
hg using'a‘ielay.

ation. when the amount of distillate is

approximately

10’ ml

M the ceit (5.4 which contains _the reigrence
solution 5 (see table 1).

After rinsing with the first solution to be* meapured,
the electrode is ready for use.

7.4 Calibration

Establish a calibration function using the five [refer-
ence solutions in the“corresponding concenfration
range.

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

— pipette. 25,0 ml of the buffer solution (4.7) into
each-of five measuring cells;

— {pipette the respective volumes of the wprking
standard fluoride solutions as specified in fable 1
into the measuring flasks.

For the establishment of the calibration function, pro-
ceed step by step from the most dilute solution fto the
most concentrated solution, rinsing after | each
measurement with the solution of the next highest
concentration.

After the above measurements have been completed,
recondition the electrode for 5 min to 10 min, |using
the reference solution 5 (see table 1) in order tq elim-
inate memory effects.

Use the following order of measurement (the|[num-
bers refer to the reference solutions in table 1):

5 —rinse — 4 — rinse — 3 — rinse — 2 — rirfse —

Rinse the condenser outlet tube inside and outside
with a small volume of water.

Neutralize the contents of the volumetric flask against
methyl red (4.6) and make up to the mark with water.

NOTE 4  Any interference caused by the distillation appa-
ratus, which could lead to excessive fluoride concentrations
after the distillation, can be eliminated by a blank distillation
before carrying out the next determination.

1T — rinse with b — recondition — repeat measuring
run.

If the individual values of the parallel series vary from
the first series by more than + 0,6 mV, repeat the
measuring run.

Regular checking of the calibration graph is essential.
Ensure that the slope is not less than 55 mV, other-
wise check the equipment and establish a new cali-
bration graph.
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Table 1 — Preparation of reference solutions (see 7.4)

after addition of the buffer.
2) See 4.8.1 t0 4.8.5.

Refergnce Buffer solution Working standard solution Fluorld?
solution concentration?)
No. mi No. 2) ml mg/!|
1 25 | 25 10
2 25 Il 25 5
3 25 1l 25 1
4 25 1\ 25 0,5
5 25 \Y 25 0,2

1) The term “concentration” refers principally to the concentration of the working standard
solutions and the sample solutions, but not to the concentration of the measuring solution

7.5 C(Qalibration after distillation

For reglilar checking of the calibration curve (e.g. after
every 20 runs), also carry out a calibration including
the digestion and distillation procedure.

7.6 Measurement

Pipette[25 ml of the buffer solution (4.7), followed by
25 ml gf the distillate (see 7.2), into a dry measuring
cell (5.4).

Ensure|that the pH is 5,2 + 0,2; if necessapy;-adjust
the pH| with hydrochloric acid or sodium“hydroxide
solutior}, using volumes as small as possible.

For a s¢ries of determinations, staft the measurement
with tHe lowest concentration\and finish with the
highest] following the anticipated concentration of the
samplep.

After mjeasuring theshigh concentrations, recondition
the eldgctrode befgre measuring the concentrations
(see 7.3).

Measufe all. the solutions according to the following
procedyire.

When the cell potentiahdoes not change
0,5 mV in 5 min, switch off the stirrer.
15 s, record thewalue obtained.

Rinse the stirring bar and the electrodes

by more than
After at least

with the next

solution{t0 "be measured, before starfing the next

measurement.

NOTE 5 Any dilution of the distillate nee
{nto account during calculation of the results

7.7 Determination of blank value

For each set of samples, carry out a b
nation following the complete procedure
7.1 to 7.5, but replacing the sample by \

8 Calculation

Plot the calibration values obtained as de
on semi-logarithmic paper, with the flu
trations, in milligrams per litre, on the
the cell potential, in millivolts, on the
establish the regression line.

is to be taken

lank determi-
described in
vater.

scribed in 7.4
pride concen-
abscissa and
ordinate and

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

Put a stirring bar into the measuring cell (5.4) and
place it on the magnetic stirrer (5.6).

Insert the electrodes (5.2) into the solution and fix
them in place.

7

Adjust the stirring rate to about 180 min~ ' to

200 min~ .

Read the value for the distillate from tihe regression

line and express the mass concentration
milligrams per litre.

NOTE 6

of fluoride in

The evaluation may also be calculated using the

Nernst equation (see for example [1] in annex A).

Calculate the mass concentration of fluoride pr in the

water sample using the equation

Vo(Pep — Pr0)
PE= —V_._.

where
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