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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-governm

ental,_in liaison with 1SQ _ also take part in the work 1SO collaborates closely with the

International

International

The main tagk of technical committees is to prepare International Standards. Draft International Stan
adopted by fhe technical committees are circulated to the member bodies for voting.’.Publication 3

International

Attention is @

rights. ISO shall not be held responsible for identifying any or all such patent rights.

ISO 15713 W
source emiss

Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part'2.

Standard requires approval by at least 75 % of the member bodies casting-a vote.

rawn to the possibility that some of the elements of this document may be the subject of

as prepared by Technical Committee ISO/TC 146, Air quality; Subcommittee SC 1, Stati
ions.

jards
s an

atent

bnary
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Introduction

This International Standard describes a method for the measurement of the concentration of gaseous fluoride
compounds in flue gas passing through ducts or chimneys.

The effects of fluoride containing species are of concern as irritants to humans when inhaled at high

conc

entration and hecause of the pnfpnﬁnl for adverse effects an \/pgpmﬁnn

For the purposes of this International Standard, the fluoride measured is quoted as hydrogen.fluo

of th
defin

sodiym hydroxide and which produce fluoride ions which remain present in solution When analyse

©1S0

b method is to measure hydrogen fluoride, but, in practice, the parameter assessed is
bd. The fluoride measured is from those compounds that pass through a filter' and diss

fide. The aim
operationally
blve in dilute
d.
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Stationary source emissions — Sampling and determination of
gaseous fluoride content

[
y

1

This
gase
the s

This
200 n

be checked before the results can be regarded as valid. The detection¢limit of the method is

0,1 n
and |
does
using
convi

Scope

International Standard is applicable to the measurement of the gaseous fluorides that are
5 carried in stacks or ducts. The gaseous fluoride content is expressed as a mass' of hydrog
ack gas.

International Standard is applicable to all stacks emitting gases with fluoride concentrati
hg/m3. It can be used for higher concentrations, but then the absorption-éfficiency of the bu

g m—3, based on a sample volume of 0,1 m3. All compounds that are volatile at the filtration
roduce soluble fluoride compounds upon reaction with water arg measured by this method

an ion selective electrode. The amount of fluoride meastired is then expressed as hydroge
pntion, though this may not reflect the chemical nature of'the compounds, which are measur

2

The [following referenced documents are indispensable for the application of this documen

refer
docu

I1ISO {
maftd

ISO 1
ductd

3

For tihe purposes of this document, the following terms and definitions apply.

Terms and-definitions

ormative references
nces, only the edition cited applies.For undated references, the latest edition of th
ment (including any amendments) appliés.

D096:2003, Stationary source emissions — Manual determination of mass concentration
r

0780, Stationary source emissions — Measurement of velocity and volume flowrate of g3

entrained in
en fluoride in

bns of below
pblers should
estimated as
temperature
The method

not measure fluorocarbons. The concentration of fluoride 4n‘the adsorbent solution is thgn measured

n fluoride by
bd.

t. For dated
b referenced

bf particulate

S streams in

3.1

isoki

netic sampling

sampling at a flowrate such that the velocity and direction of the gas entering the sampling nozzle is the same
as that of the gas in the duct at the sampling point

[ISO

3.2

9096:2003]

sampling point

specific position on the sampling section at which a sample is extracted

NOTE Sampling points are spread out over the sampling section in order to be representative of subsections of equal
areas.

© 1SO 2006 — Al rights reserved 1


https://standardsiso.com/api/?name=d59cd868ad24fa4e507fe56dbdba3998

ISO 15713:2006(E)

3.3
STP
standard con

ditions for temperature, 273,15 K, and pressure, 101,325 kPa

4 Principle

As a result of the high reactivity and solubility of hydrogen fluoride, particular precautions are required to
minimize irreversible loss of the species of interest and to take a representative sample. Firstly, if incorrect
materials are selected for the sampling probe, impingers and connecting tubing they could react irreversibly
with the species of interest. Secondly, if condensed liquid droplets are present in the probe before the

impingers thg species of interest may dissolve in them and so not be included In the measurement. EU
where droplets are present in the flue, if the sample is not taken isokinetically, then it may\'n
representative.

The flow conditions at a sampling plane are determined before sampling. If there are dropletspresent
isokinetic sampling at a number of sampling points is necessary. The homogeneity of the spatial profiles

flue gas vel

ity, temperature and oxygen concentration is investigated. If there is significant variability i

of these pargmeters, but no droplets, then sampling is carried out at a number of.sampling points bu

constant flo
constant flo

To determin
drawn throud
compounds,

rate. If these parameters exhibit homogeneity, then sampling is carried-out at a single poin
rate.

the gaseous fluoride content of the flue gas, a representative metered sample of that g
h a heated sampling probe and filter. Any droplets, which may contain dissolved gaseous flU
are evaporated in the heated probe. Particulate bound fluoride species that may be prese

solid materigls are removed by filtration of particulates at a controlled temperature. Gaseous fiU

compounds
absorbed us

The concent
electrode tec

5 Reage

To carry out
have change

5.1 Absor
5.2
5.3
Sodium chlo

or more precisely those water-soluble fluoride compounds that pass through the filte

hnique.

nts

the method, the following ‘reagents are required to be of a recognized analytical grade. I
d visibly, they should be discarded.

ber solution, 0,1 mol/ NaOH solution.

Sample gas drying agent, self-indicating coarse grade silica gel.

Total jonic strength adjustment buffer (TISAB).

ide

ng a sampling train made up of a series of impingers containing a sodium hydroxide solution.

rther,
bt be

then
Df the
N any
at a
t at a

as is
oride
nt as
oride
I are

rations of dissolved fluoride ions in the collected solutions are measured using the ion selgctive

they

Sodium acetate trihydrate

Trisodium citrate monohydrate

Glacial acetic acid

Deionized or

distilled water

5,0 mol/l NaOH

© 1SO 2006 — All rights reserved


https://standardsiso.com/api/?name=d59cd868ad24fa4e507fe56dbdba3998

5.4

ISO 15713:2006(E)

Calibration solutions.

Deionized or distilled water

Sodium fluoride

6 Apparatus

6.1

Introduction

A sc
appa
conts
a su(
mang
gas {
that t

6.2

The

duct.
shall
Mong

The probe shall have a heating system capable of maintaining a gas temperature at its exit of at |

> 20
The
with
shall

6.3

A filtgr shall be used to capture!particulate material to prevent dissolution of any soluble partict

Filter|
of thg
least
If the

Filter|
remo
seal

hematic diagram of the equipment for the sampling of gaseous fluorides is given in-H
ratus consists of a sampling probe and filter assembly that may be heated if required, @n-i
ining sodium hydroxide solution to capture gaseous fluorides, a pressure gauge, a suction

meter shall be included in the sample train to allow the temperature and relative 'préssure o

p be determined. A barometer shall be used to measure atmospheric pressure during the

he volume of the gas sampled can be normalized to standard conditions of 273,15 K and 10
Probe

probe shall be a length of rigid tubing and shall be capable of‘withstanding the temperatu
It shall be resistant to chemical attack from the various pollutants in the duct. In particul
be resistant to fluoride attack to avoid sample loss. Suitable‘materials for fluoride sampling
[® type alloys?).

K + 5 K above the dew point temperature, whichever is the higher.
nternal surfaces of the sample probe shall.be cleaned thoroughly before each sample run
be repeated until the rinse water shows;no evidence of particulate matter.

Filter and filter housing
5 can be placed in the duetbetween the nozzle and the probe only if there are no droplets p
duct before the first.impinger. If a filter is used outside the duct, it shall be heated to a tem

423 K or > 20 K £.5 K above the dew point temperature, whichever is the higher, to avoid ¢
amount of partieulate fluoride within the sample is below 10 % of the total, then the filter can

ve gaseous fluoride and therefore cannot be used as filter supports. Filter holders shall ha
hgainst.leakage from outside or around the filter.

The f

igure 1. The
mpinger train
control valve,

tion pump, a gas meter, and a sample gas volume flow rate measurement system. .A thermmometer and

the metered
test in order
,325 kPa.

re within the
br, the probe
are silica or

past 423 K or

by rinsing it

jeionized water. Between samples, it will\first be necessary to allow the probe to cool. Th¢ probe rinse

late fluoride.
esent, or out
perature of at
ondensation.
be omitted.

5 and filter_holders shall be made of material resistant to attack by fluorides; for example, glass frits will

be an airtight

ilter'shall be capable of withstanding prolonged exposures up to 40 K above the temperatun

e setting and

have

at least 99,5 % collection efficiency for 0,3 um diameter particles.

The filter housing shall be cleaned thoroughly prior to use and before each sample run using deionized
distilled water until no particulate matter is present on the inner surfaces of the filter holder.

1) Monel® type alloys is an example of a suitable product(s) available commercially. This information is given for the
convenience of users of this International Standard and does not constitute an endorsement by ISO of this product.

©1S0
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6.4 Sampling train

The impingers shall be connected to the sampling probe using HF resistant materials. Suitable materials are
polypropylene, polyethylene or Viton® tubing 2). The sampling train consists of a series of four impingers
through which the sample gases are passed and the fluorides are removed into solution. The impingers can
be made of quartz, polypropylene or polyethylene. Convenient sizes for impingers are 125 ml to 250 ml.

The first two impingers shall contain between 50 ml and 100 ml of 0,1 mol/l NaOH solution of analytical grade.

The third impinger shall be left empty to catch any carryover of the absorption solution.

The fourth impinger—stratt-beused = dryingumnitttsTmateriats of construction eed ot be TesistanttoHF. It
shall be filled with silica gel to dry the sample gas prior to the suction unit, gas meter and volume flowCmeter.
Prior to use, the impingers shall all be rinsed and cleaned with distilled or deionized water and a bottlebrush.
During sampling, the gases shall enter the first impinger at its base and bubble up through the sqdium
hydroxide sojution before entering the second impinger at its base.

The geometty of the impingers and quantity of absorbing solution employed shall be) such that a gageous
fluoride absdrbance efficiency of not less than 95 % is achieved at the chosen sampling flow rate and in the
concentratiop range examined. Evidence that this criteria is met shall be demonstrated on at leasi one
occasion at the maximum flow rate used with that design of equipment.

6.5 Suctign unit

The pump i used to draw the sample through the sampling train.™t shall be an airtight pump capable of
maintaining the selected sampling flow rate throughout the sampling period and shall be adjusted using & flow
regulator.

6.6 Thermometer

An airtight thermometer shall be fitted into the sample line after the drying unit and before the gas meter. The
thermometer shall be capable of measuring absolute temperature to within 1 % of the absolute temperatyre.
6.7 Differential pressure gauge

The differentjal pressure gauge shall be,used to measure the difference in pressure between the gas enfering
the volume meter and atmospheric/pressure. It shall be capable of measuring pressure difference to withjn 1%
of the differeptial pressure.

6.8 Gas vplume meter

The volume pf the driedysample gas shall be measured using a calibrated gas meter. The gas meter shall be
capable of measuring-the sampled gas volume to within 2 % of the actual volume.

6.9 Samp‘e gas flow rate meter

A flow rate meter shall be used to ensure that the sample flow rate stays within the limits specified in section
6.4 and to perform the actions described in 7.5, 7.7 and 7.8. This meter shall be capable of measuring the flow

rate to within

+ 10 % of the flow.

6.10 Barometer

A barometer shall be used to measure the local atmospheric pressure in kilopascals (kPa) to within 1 % of the
absolute pressure.

2) Viton® tubing is an example of a suitable product(s) available commercially. This information is given for the
convenience of users of this International Standard and does not constitute an endorsement by ISO of this product.

© 1SO 2006 — All rights re
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Working platform

A safe working platform shall be provided at the sampling position so that all the sampling points can be
reached with safety.

7 Sampling

71

The

Sampling position and sampling points

sampling paosition shall comprise of suitable access port(s) through which the sampling p

robe can be

pass
perfo
requi
relev
a nur

bd into the duct. The port(s) shall be capable of being sealed when not in use. Sam
rmed either isokinetically (if droplets are present) or non-isokinetically at points according ta
fements of ISO 9096. Multipoint sampling at a constant flow rate shall be carried’ at“acc
ant requirements of ISO 9096. Sampling will normally be carried out on at least twé’duct diar
nber of sampling points on each line.

Where this is not possible, due to constraints of either duct design or safety, considerations,

plane
crosg
distu

The
proce
achis
repre
that t
acros
conc

7.2

The
prod
are tq

shall be situated in a length of straight duct, preferably vertical with-a“constant shape
bance or produce a change in the flow (for example, a bend, a fan v a damper).

position at which a representative sample of the gas is to bétaken is an important part of
dure. Representative sampling requires the gas to be taken from a homogenous flow in

sentative sampling points across the chosen sampling;plane. The object of this procedure
he velocity profile conforms to the requirement of ISO 9096. The temperature and oxygen
s the duct by more than 5% from the mean‘value to avoid stratification affecting t
pntration. If no stratification is detected, then a‘tépresentative location shall be chosen for sa

Minimum sampling duration and minimum sample volume

cing the emissions. The sampling duration shall be at least 30 min. If emissions from a cy«
be measured, the total sampling period shall cover at least one cycle of the process operat

The minimum sampling time-also needs to take into account the detection limit of the sampling &

meth
be ¢4
limit
empl

7.3

bd. If the process is Opefating under steady state conditions, the minimum sampling time an
Iculated prior to sampling, by using the expected emitted gas concentration or a tenth of
value if appropriate and the sample train detection limits given in 10.1. If multiple pointf
byed, the minimum sampling time at any one point shall not be less than 3 min.

Number and location of sampling points

An a

pling can be
the relevant
prding to the
heters and at

he sampling
and constant

-sectional area. It shall be as far as practicable downstream from. any obstruction that fnay cause a

the sampling
the duct. To

ve this, the velocity, temperature, and the oxygeh\._concentration, shall first be d¢termined at

is to confirm
hall not vary
e measured
mpling.

inimum sampling period and number of samples taken will depend on the nature of the pfocess that is

lical process
on.

nd analytical
l volume can
the emission
sampling is

bpropriate representative location shall be chosen for sampling. The number and location of

the sampling

points on the sampling plane shall conform o TSO 9096, unless this is not practicable.

Sampling at a single point shall only be acceptable if the flue gas velocity, temperature, and oxygen
concentrations meet the requirements stated in 7.1.

If sampling from a number of points is required, then the sampling time chosen shall be the same at each
sample point.

©1S0
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7.4 Other

7.41

measurements to be made prior to sampling

Volumetric gas flow through duct at the sampling plane

The measurement of the volumetric gas flow through the duct at the sampling plane will be necessary if the
results are to be reported in terms of mass of pollutant emitted per unit time. The measurements shall be

carried out in

accordance with ISO 10780.

7.4.2 Moisture content of gas

The measur

ment of the moisture content of the gas will be necessary if the results are to be reporte

fluoride conc]

7.4.3 Oxyd

If sampling i
correction to
necessary du

7.5 Assembly of sampling apparatus

Sampling is ¢arried out with the apparatus assembled as illustrated in Figufe 1.

NOTE The filter can be positioned in the duct or out of the duct before the first impinger (see 6.3).

Preheat all relevant parts of the sampling train and insert the probe into the duct, so that the sampling
positioned af the first sampling point. Avoid contact between the probe and any deposits in the du
sampling port. Seal the opening of the access port to minimize'air in-leakage.

7.6 Sampling

If the sampling is to be carried out isokinetically, this shall be done according to the relevant requireme
ISO 9096.

If sampling ip to be carried out at multiple sampling positions, this shall be done according to the rel

requirementg

Otherwise, re¢cord the time and-the’current gas meter reading, then start the pump. Set the sampling flov

to the desirg
sufficient to 4
the solution i

entration on a wet basis or if the sampling is to be carried out isokinetically.

en content of gas
5 to be carried out of emissions from a combustion plant and the results are to\be reported

a particular oxygen concentration, measurement of the flue gas oxygen leoncentration w
ring the sampling period.

of ISO 9096.

as a

after
ill be

tip is

ct or

hts of

bvant

d level using the-suction control valve and the flow rate meter. The sampling rate sh

V rate
Il be

llow vigorous_bubbling within the first two impingers of the sampling train but not so vigorousg that
5 carried over-into the third empty impinger. A constant sampling flow rate shall be maintairjed at

each point (to within®+' 10 % of the chosen rate). Meter temperature and pressure should be recprded

periodically.

f more-than one sampling point is employed on a sampling line, then move the sampling

directly to th

robe

b néxt ‘point once the sampling period at that point is complete — do not switch off the pump. In

this way, coinplete the sampling operations at all points on one line. If ancther line is to be employed, the

suction control valve shall be closed at the end of sampling on the first line and the sampling pump switched
off. The gas meter should be read and sampling operations carried out on the second line as before.

At the end of the final sampling period, the suction control valve shall be closed and the sampling pump

switched off.

NOTE

The gas meter shall be read. A leak test of the equipment should then be carried out.

A sample rate of between 2 I/min and 6 I/min may be sufficient to allow vigorous bubbling.

© 1SO 2006 — All rights reserved
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Key

0

o

tq

© 00 N O 0o~ WOWN -~
o

Iq

7.7
A pr

comg
rate t

7.8

If, du
chec

ilter and housing

catchpot

bated probe

1 molar NaOH impingers

r'ying tube or silica gel dreschel
Limp

mperature and pressure gauges
Bs meter

tameter

Figure 1 —Schematic diagram of a sampling train

Leak-check procedure

onents are replaged-during a test. The leak rate shall not exceed 2 % of the nominal sa
p be used.

Leak-checks during sample run

ringdhesampling run, a component (e.g. filter assembly or impinger) change becomes nece
shall be conducted immediately before the change is made. The leak-check shall be carri

p-test leak-check is-required before and after all sampling and also if any of the ermpIing train

ple gas flow

ssary, a leak
bd out as the

initia

! 1 ) 1 I D T R M | 1) ! 4 14 4 ) :
ISR UIICUR, TALCPU UTal 1t STidil UT UUTTC al a vaCLUUllT SUlUadal U Ul ygredict LU U1 TTTaAlTiuitT vVa

lue recorded

up to that point in the test. If the leakage rate is found to be no greater than 2 % of the average sampling rate,
the results are acceptable. If a higher leakage rate is measured, the sample is void.

7.9

Post-test leak-check

A leak-check is mandatory at the conclusion of each sampling run. The leak-check shall be carried out as the
initial leak check, except that it shall be conducted at a vacuum equal to or greater than the maximum value
reached during the sampling run. If the leakage rate is found to be no greater than 2 % of the average
sampling rate, the results are acceptable. If a higher leakage rate is measured, the sample is void.

©1S0
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7.10 Quality assurance

Prior to sampling make a note of the time and the current gas meter reading. During sampling, the flow rate of
the sample gas shall be noted periodically, together with the temperature and pressure at the gas meter to
allow the calculation of the average temperature and pressure during the sampling period.

During sampling, operatives shall periodically check and correct the following:

— that the flow rate has not drifted by more than + 10 % of the chosen flow rate;

— that the silica gel has not been exhausted. If the colour of the silica gel indicates that it is nearly

exhaust@d; then leak
tested while a new bottle of silica gel is fitted into the system.

If any of the gomponents are replaced, then the leak test shall be performed again.

The leak rat¢ measured during any leak test shall not be greater than 4 % of the nominal flow rate. If thg leak
rate is greater than this, then the concentration measured will be an underestimate of ‘the true value. |If the
measured concentrations are above the appropriate limit value then the result can’ be used as a |ower
estimate of the true concentration in the flue gas. However, in other circumstancesjthe result is invalid.

7.11 Sample recovery

Analysis of the particulate bound fluorides on the filter is not required by this International Standard and so it
may be discgrded.

The fluorideq contained in the impingers shall be carefully recovered as soon as possible.
Withdraw thq probe from the stack and allow it to cool so thatit can be handled.
Wipe off all gxternal particulate matter near the tip of the probe.

If a filter follqwing the probe was used, then disconnect the probe from the sampling train and check to pee if
there is any|condensation present within the probe. If there is evidence of condensation, the test shall be
rejected. Thg contents of the three impingers*shall be carefully poured into a sample container, each imginger
shall be rinsg¢d with approximately 20 ml of deionized distilled water, and these washings shall be added to a
sample contginer. Repeat the process-for each impinger. If the adsorption efficiency of the sampler is peing
determined, the impinger solutions ‘should be kept separate.

Rinse through all the connegting tubes using 10 ml of distilled or deionized water. Repeat this three timeg and
add the waslhings to the sdmple container. Record the volume of water used.

Seal the sanpple container and clearly label with the date, and a unique identifier to enable the sample [to be
traced back fo thetmeasurement. Take a sample of the water used.

7.12 Equipmeéentfietd-blani

An equipment field blank shall be taken at each site at which measurements are carried out by performing all
of the steps of the sampling gas procedure, but without drawing exhaust gas through the sampling equipment.
The resulting solution shall be treated, labelled and handled in the same manner as the test solutions. The
results for the field blank shall be reported along with the samples from that site. Any samples in which the
mass of fluoride ion in the field blank is greater than 10 % of the measured amount of fluoride ion shall be
identified in the report.

8 © 1SO 2006 — Al rights reserved
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8 Analytical procedure by ion selective electrode

8.1 Introduction

The standard method for the determination of fluoride ion content in the sample is by ion selective electrode.
Fluoride ion-selective electrodes are available from several manufacturers. The manufacturer's instructions
shall always be consulted particularly in the preparation of reagents and the care and storage of electrodes.
The analysis may be carried out by the method of standard additions if a significant matrix effect is detected,
and in some circumstances alternative TISAB solutions may be required to complex certain specific interfering
ions.

8.2 | Analytical equipment and reagents

8.2.1| Equipment

8.2.111 Fluoride ion-selective electrode.
8.2.1{2 Voltage meter, with a direct reading of both pH and fluoride ion concentration is advisable.
8.2.1(3 Reference electrode — either silver chloride or calomel.

8.21|4 pH electrode.

8.2.1i5 Polyethene or polypropylene coated stirrer bar-and magnetic stirrer.
8.2.116 Polyethene or polypropylene volumetric flasks, 1 | and 100 ml.
8.2.1(7 Polyethene bottles.

8.2.1i8 Pipettes.

8.2.1}9 Polyethylene or polypropylene beakers.
8.2.2| Reagents

8.2.2]1 0,1 mol/l standard flaoride solution.

0,1 mol/l standard fluoride solutions are to be made from dissolving analytical grade sodium fluofide in water.
Add #,2 g of NaF t6 ‘a1 | flask, add water and dissolve the NaF. Dilute to 11 with water and store in a
polygthene or polypropylene bottle.

8.2.2|12 Tofal ionic strength adjustment buffer (TISAB).

Prepare-the buffer, made from 800 ml water, 58,5 g sodium chloride, 14 ml glacial acetic acid, 102 g sodium
acetate trihydrate—and—0;3 g of sodiunT citrate dissoivedima tftask—Adjustthe pHtobetween 5,0 and 5,5
using sodium hydroxide solution or acetic acid. Dilute to 1 | and store in a polyethene or polypropylene bottle.

8.3 Calibration of ion-selective electrode

8.3.1 pH Meter

For a pH meter, the calibration will be done by plotting a calibration curve using solutions prepared from the
0,1 mol/l fluoride standard solution. Pipette 10 ml of the 0,1 mol/l fluoride standard solution into a 100 ml

volumetric flask and dilute to 100 ml using deionized distilled water to produce a 102 mol/l solution. Use 10 ml
of the 102 mol/l solution to make a 10~3 mol/l solution in the same manner. Repeat this procedure to make up
104 and 10-5 mol/l solutions.
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Pipette 50 ml of each standard solution into a separate polyethylene or polypropylene beaker and add 50 ml
TISAB to each beaker. The temperature of the solutions in the beakers and standards shall be kept constant
to within 5 K.

Place the electrode in the most dilute solution, the 10~ mol/l standard, and record the mV reading once it
becomes stable. This may take several minutes. Repeat the process for the other standards by moving from
the dilute to more concentrated solutions, ensuring that the electrode is rinsed in deionized distilled water and
then soaked in clean deionized distilled water for at least 30 seconds prior to and between measurements. If
the meter reading is the electrode voltage, plot the voltage against the log of the calculated calibration solution
concentration. This should produce a straight-line calibration curve for fluoride concentrations between 10~
and 10~2 mol/l. Some electrodes may be slightly non-linear between 10~4 and 10-° mol/l. If this non-linearity is

detectable, make-up-additional-concentrations-standards-between-these-concentrations—-andreecalibrate-in this
range. The fluoride electrode shall be calibrated fully each day it is used and checked hourly agaipst a
calibration sxlution near to the range at which it is being used. Prepare fresh calibration solutions:frofn the
fluoride standlard solution daily.

8.3.2 Diredt reading fluoride meter

For a pH mater with direct reading of the fluoride concentration, use the calibration(procedure describ¢d by
the manufaclurer.

8.4 Measurement procedure

Pipette a 50 ml aliquot from the sample into a plastic beaker. Add 50 ml of TISAB, place the stirrer bar |n the
beaker and glace on the magnetic stirrer.

The sample $hall be at the same temperature as the standard soelutions used in the calibration procedurd. The
stirring action during mixing and measurement may increase.the temperature of the sample. Hence, it may be
found advisaple to keep the beaker in a temperature controlléd water bath.

Insert the flupride and reference electrodes into the soldtion. When a steady reading is obtained, whicH may
take severall minutes, record it. If the pH meter-does not have a direct concentration readout, usg the
calibration grfaph to determine the fluoride ion congentration.

Rinse the elgctrode thoroughly with deionized distilled water and soak in deionized distilled water for at{least
30 s prior to the measurement of any subsequent sample.

NOTE As| with the calibration procedure, it is good practice to measure the samples containing the lowest
concentration pf fluoride ions first (if khown).

The selectivg ion electrode should be stored in buffer solution, not in distilled or deionized water.

The total mgss of fludride contained within the solution is determined by finding the product of the sojution
concentration in milligrams per millilitre (mg/ml) by the volume of the sample in millilitres (ml) at the pdint of
measuremerjt, that'is after dilution by the buffer and the water used to wash the impingers and conngcting
tubing. The foncentration of fluoride in the sodium hydroxide solution, in the water used for washing the

impingers and tubing and in the buffer solution shall be determined. The mass of fluoride added from the
sampling and analytical reagents may then be calculated by adding the product of the volume of each of these
solutions by the fluoride concentration in each solution. This mass of fluoride shall be subtracted from the
mass of fluoride in the sample.
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9 Expression of results

9.1 Determination of the fluoride content of the sample, mf

The fluoride content of the sample, mg, is determined from the fluoride concentration measured in the sample
as analysed in milligrams per litre and the total volume of the sample as analysed in millilitres, including the
water volume used to wash the impingers and connecting tubing. The measurement shall be corrected both
for the dilution of the analytical solution by the rinsing water and for the fluoride present in the reagents and
rinsing water used (see 8.4).

9.2 Calculationof the volume of flue gas sampled-at meter conditions, /

The Yyolume of dry gas sampled (V) is calculated by subtracting the final gas meter reading |(7;) from the
initiall gas meter reading (7;) correcting for any air drawn through the gas meter during|léak ¢hecks when
equigment is replaced, or if carried out between sampling lines. It is assumed that the gas volume measured
is onfa dry basis.

CRU ™)

wher

W

' is the volume of dry gas sampled as cubic metres (m3);
; is the final gas meter reading at the end of sampling.expressed as cubic metres (m3);

. is the initial gas meter reading at the beginning of sampling expressed as cubic metres (m3);

| is the volume of air drawn through the gas meter during any intermediate leak tests ¢xpressed as
cubic metres (m3).

9.3 | Calculation of the volume of-dry flue gas, V', sampled normalized to standard
temperature and pressure

><(patm-i—pav)><273,‘15 @)

=V
d='m T,, x10%325

wher

w

'y is the volume of dry flue gas sampled normalized to standard temperature and presgure as cubic
metres(m3);

' A£i§ the uncorrected volume of sample gas in cubic metres (m3);

Patm 18 the local atmospheric pressure in kilopascals (kPa);
pay IS the average pressure of the sample gas before the volume flow meter in kilopascals (kPa);

av IS the average temperature of the sample gas before the volume flow meter in kelvins (K).
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