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Foreword

[SO (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.

The procedures used to develop this document and those intended for its further maintenance are described
in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the different types
of ISO document should be noted. This document was drafted in accordance with the editorial rules of the
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Introduction

The measurement method specified in this document has been developed in close liaison and cooperation
between ISO/TC 146/SC 1 and CEN/TC 264, resulting in the preparation of the first editions of the
International Standard ISO 12141:2002 and the European Standard EN 13284-1:2001.

In the meantime, CEN/TC 264 has revised EN 13284-1:2001 in order to adapt the content to the state of
the art. The basic concept of the measurement method has not been changed. Against this background and
to ensure comparability of measurement results at international level, ISO/TC 146/SC 1 has decided to
adopt EN 13284-1:2017 without technical changes. However, some editorial adjustments have been made
to take account of the international application of this document. For example, references to EN 15259:2007
in EN 13284-1:2017 have been replaced in this document by references to the technically identical

[SO 15259:

To meet th|
needed. At

a)
b) extend
)

High-volur]
measurem

eXercis

2025.

e specifications of this document, a certain level of accuracy for weighing the panticl
low dust concentrations, this level of accuracy can be achieved by:

ing extreme care in weighing, as per procedures of this document;

ing the sampling time at conventional sampling rates; or

sampling at higher rates for conventional sampling times (high-volume . sampling).

he sampling is not part of this document since it wasihot part of the validaf]
ent method.

The measurement method specified in this document can be usedfor the calibration of automated

systems (A
measurem

MS) (see ISO 10155). If the waste gas contains unsgtable, reactive or semivolatile subs
bnt depends on the filtration temperature, and in*stack methods can be more applicab
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Stationary source emissions — Determination of low range
mass concentration of dust — Manual gravimetric method

1 Scope

This document specifies the standard reference method (SRM) for the measurement of low dust
concentratforri T T

This docu
generally, i

entis primarily developed and validated for gaseous streams emitted by waste inCinér
can be applied to gases emitted from other stationary sources, and to higher cancent

itions.

htors. More
rations.

If the gas¢s contain unstable, reactive or semi-volatile substances, the measuremient depends on the
sampling ajnd filter treatment conditions.
This methgd has been validated in field tests with special emphasis to dust cah¢entrations aroun

The result

2 Norm

The follow
requireme
the latest ¢

ISO 15259;
sections an

ISO 16911
rate in duc

3 Term

For the pui
[SO and IE
ISO Ony

IEC El¢

3.1
dust

of the field tests are presented in Annex A.

ative references

ng documents are referred to in the text in such a way.that some or all of their content
nts of this document. For dated references, only the’edition cited applies. For undated
dition of the referenced document (including anyramendments) applies.

2023, Air quality — Measurement of stationdry source emissions — Requirements for m
(l sites and for the measurement objective, plan and report

1, Stationary source emissions — Manual and automatic determination of velocity and |
s — Part 1: Manual reference methed

s and definitions
poses of this document, the following terms and definitions apply.

[ maintain terminology databases for use in standardization at the following addresse

line browsingplatform: available at https://www.iso.org/obp

ctropedia/available at https://www.electropedia.org/

1 5 mg/m3.

ronstitutes
references,

pasurement

olume flow

2]

particles, of any shape, structure or density, dispersed in the gas phase at the sampling point conditions
which may be collected by filtration under specified conditions after representative sampling of the gas to be
analysed, and which remain upstream of the filter and on the filter after drying under specified conditions

3.2

filtration temperature
temperature of the sampled gas immediately downstream of the filter

3.3
in-stack fi

Itration

filtration in the duct with the filter in its filter housing placed immediately downstream of the sampling nozzle

© IS0 2024 - All rights reserved
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3.4

out-stack filtration

filtration outside of the duct with the filter in its heated filter housing placed downstream of the sampling
nozzle and the suction tube

3.5

isokinetic sampling

sampling at a flow rate such that the velocity v, and direction of the gas entering the sampling nozzle are the
same as the velocity v4 and direction of the gas in the duct at the measurement point (3.10)

Note 1 to entry: Figure 1 gives an illustration of isokinetic sampling.

Note 2 to entry: Annex B shows the influence of the isokinetic rate (3.6) on the representativeness of the collected
particles.

Key
1 duct 3  internal diameter of the suction tube dp
2 radius pfthe bend (minimum 1,5 d)

Figure 1 — Isokinetic sampling

3.6
isokinetic'rate
velocity ratio v, /v, expressed in percentage as a characteristic of the deviation from isokinetic sampling (3.5)

3.7

hydraulic diameter

dy

quotient of four times the area A and the perimeter P of the measurement plane (3.8)

4%x A
dy =—— 1
h="p (1)

[SOURCE: ISO 15259:2023, 3.14]

© IS0 2024 - All rights reserved
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3.8
measurement plane
plane normal to the centreline of the duct at the sampling position

[SOURCE: ISO 15259:2023, 3.13]
Note 1 to entry: Measurement plane is also known as sampling plane.

39
measurement line
line in the sampling plane along which the sampling points are located, bounded by the inner duct wall

[SOURCE: ISO 15259:2023, 3.15]

Note 1 to enftry: Measurement line is also known as sampling line.

Note 2 to enftry: Figure 2 gives an illustration of definitions in relation to a circular duct.

90°

Key

. o] o e
1 measurenTerrc e D TIEeasur cIIeIIc porc

2 measurement plane 4  flow direction

Figure 2 — Illustration of definitions in relation to a circular duct

© IS0 2024 - All rights reserved
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3.10

measurement point

position in the measurement plane (3.8) at which the sample stream is extracted or the measurement data
are obtained directly

[SOURCE: ISO 15259:2023, 3.16]
Note 1 to entry: Measurement point is also known as sampling point.

3.11
measurement port
opening in the waste gas duct along the measurement line (3.9), through which access to the waste gas is gained

[SOURCE: 1$6-1525%:2023,-3-18]

Note 1 to enftry: Measurement port is also known as sampling port or access port.

3.12
standard ¢onditions
reference values for a dry gas at a pressure of 101,3 kPa and a temperature of 273,15 K

3.13
field blank
sample obtlained according to the field blank procedure (3.14)

3.14
field blank procedure
procedure|used to ensure that no significant contamination.has occurred during all the sfeps of the
measurement

Note 1 to entry: This includes for instance the equipment preparation in laboratory, its transport and inftallation in
the field as yell as the subsequent analytical work in the lab@ratory.

3.15
field blank value
result of a measurement performed according to the field blank procedure (3.14) at the plant sitd and in the
laboratory

3.16
weighing ¢ontrol
procedure[for the detection/correction of apparent weight variations due to possible changes between pre
and post sampling weighing conditions

3.17
measurement series
successive| measurements carried out at the same measurement plane (3.8) and at the samq operating
conditions|of the industrial process

3.18
emission limtvalue
ELV

limit value given in regulations such as directives, ordinances, administrative regulations, permits, licences,
authorizations or consents

Note 1 to entry: ELV can be stated as concentration limits expressed as half-hourly, hourly and daily averaged values,
or mass flow limits expressed as hourly, daily, weekly, monthly or annually aggregated values.

Note 2 to entry: For purposes other than regulatory uses, the measurement value is compared to a stated reference value.

© IS0 2024 - All rights reserved
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4 Symbols and abbreviations

4.1 Sym

bols

For the purposes of this document, the following symbols apply.

A area of the measurement plane

c dust concentration

d diameter of the duct

dy, hydraulic diameter

d, intpernal diameter of the sampling nozzle

d, internal diameter of the suction tube

fe coxrection factor

h, humidity of the gas in actual conditions, in percentage volume

hy, humidity of the gas in measurement conditions, in percentage volume

m totpl mass of dust collected upstream of the filter (rinsing) afid)on the filter
Om oxygen concentration in percentage volume of dry gas measured in the duct
Oref oxygen reference concentration in percentage volume-of dry gas

P perimeter of the measurement plane

Pa absolute pressure of gases in actual conditions in the duct

Pm abgolute pressure of the gas in measur'ement conditions at the volume meter
Q, sampling volumetric flow rate, expressed in the actual conditions in the duct
Qn measured sampling volumetric¢ flow rate at gas meter conditions

T, temperature of the gas inactual conditions in the duct, in Kelvin

T, temperature of the.gds in measurement conditions at the volume meter, in Kelvin
%4 saiple volume

Vg4 velocity.ofithe gas in the duct at the measurement point

v veloeity of the gas entering the sampling nozzle

4.2 Abbreviations

For the purposes of this document, the following abbreviations apply.

ELV emission limit value

PTFE p

olytetrafluoroethylene

© IS0 2024 - All rights reserved
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5 Principle

A sample stream of the gas is extracted from the main gas stream at representative measurement points
for a measured period of time, with an isokinetically controlled flow rate and a measured volume. The dust
entrained in the gas sample is separated by a pre-weighed plane filter, which is then dried and re-weighed.
Deposits upstream of the filter in the sampling system are also recovered and weighed. The increase of mass
of the filter and the deposited mass upstream the filter are attributed to dust collected from the sampled
gas, which allows the dust concentration to be calculated.

Two different configurations of the sampling system may be used depending on the characteristics of gases
to be sampled (see 7.2.2).

Valid measurements can be achieved only when:

a) the gas stream in the duct at the measurement site (sampling location) has a sufficiently stealdy velocity
profilg (see ISO 15259);

b) sampling is carried out without disturbance of the gas stream with a sharp edged nozzle facing into the
streanp under isokinetic conditions;

c) samplgs are taken at a pre-selected number of stated positions in the meastrement plane, to|allow for a
non-unpiform distribution of dust in the duct;

d) the sampling system is designed and operated to avoid condensation, chemical reactigns and to
minimjize dust deposits upstream of the filter and to be leak free;

e) sampling is carried out at an appropriate filtration temperature, e.g. stack temperature or at least the
recommended temperature of 160 °C (see Annex H);

f) dust deposits upstream of the filter are taken into accetnt;

g) the field blank value does not exceed 10 % of thelowest emission limit value set for the |process or
0,5 mg/m3, whichever is greater;

h) the sampling and weighing procedures are’adapted to the expected dust quantities;

i) the expanded uncertainty calculated_by means of an uncertainty budget does not ¢xceed the
corresponding specification in the _measurement objective. For regulatory purposes thel expanded
uncertpinty shall not exceed 20~% of the emission limit value specified by the authorities unless
specified otherwise by the competent authorities.

NOTE The Industrial Emissiens Directive of the European Union (IED) e.g. specifies a maximum [permissible

uncertainty] of 30 % of the daily.emission limit value (ELV) for automated dust measuring systems. This requires that

the expandgd uncertainty af the SRM is lower for calibration purposes.

Annex D pfovides a summary of the requirements for the application of this measurement method.

6 Measurément planning and sampling strategy

6.1 Measurement planning

Emission measurements at a plant shall be carried out such that the results are representative of the
emissions from this plant for operating conditions specified in the measurement objective and comparable
with results obtained for other comparable plants. Therefore, dust measurements shall be planned in
accordance with ISO 15259.

Before carrying out any measurements, the purpose of the sampling and the sampling procedures shall be
discussed with the plant personnel concerned. The nature of the plant process, e.g. steady-state or cyclic,
can affect the sampling programme. If the process can be performed in a steady-state, it is important that
this is maintained during sampling.

© IS0 2024 - All rights reserved
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Dates, starting times, duration of survey and sampling periods as well as plant operating conditions during
these periods shall be agreed with the plant management.

Preliminary calculations shall be made on the basis of expected dust concentration in order to verify that
expected sampled dust quantities are consistent with attainable field blank values, and that no overloading
of the filter occurs (see Annex E).

For sampling duration limited to 30 min, required for certain trial or regulatory purposes, the uncertainty
of measurement can increase due to the limited sample volume. Furthermore, completion of sampling along
two diameters within 30 min, even for medium size ducts, can require simultaneous sampling with two or
more sampling systems.

Where possible, the sampling duration can be extended, which decreases the quantification limit and
improves fhe Tmeasurenent uncertainty {see Anmnex £ The samphng duration should—be Selected, to
minimize the effect of non-steady-state conditions of the stationary source.

Taking intg account the objective of the measurements and the conditions of waste gases-to-be sgmpled, the
user shall thoose between an in-stack or an out-stack filtration device. If gas in the duct contains droplets
out-stack f]ltration devices shall be used.

A field blank shall be taken (see 9.7).

If no suitable sampling location exists in the plant, and/or that measurements have been carried|out during
non-steady-state conditions of the plant, which leads to an increase of the‘uncertainty of the meagurements,
it shall be 4tated in the report.

6.2 Sampling strategy

6.2.1 Geperal
Sampling requires a suitable measurement section anidéneasurement plane.

The measyrement plane shall be easily reached*from convenient measurement ports and a safe working
platform (dee ISO 15259).

Sampling ghall be carried out at a sufficient number of measurement points located on the mgasurement
plane as specified by [SO 15259.

6.2.2 Measurement section and-measurement plane

The measurement section andmeasurement plane shall meet the requirements of ISO 15259.

6.2.3 M:rimum number and location of measurement points
The measurements.shall be performed as grid measurements.

The dimernsions‘of the measurement plane dictate the minimum number of measurement ppints. This
number in¢réases as the duct dimensions increase.

EN 15259 specifies the minimum number of measurement points to be used and the location in the
measurement plane for circular and rectangular ducts. The number of measurement points and the location
in the measurement plane shall be selected in accordance with ISO 15259.

6.2.4 Measurement ports and working platform

Measurement ports shall be provided for access to the measurement points selected in accordance with
ISO 15259.

Examples of suitable measurement ports are given in ISO 15259.

For safety and practical reasons, the working platform shall comply with the requirements of ISO 15259.

© IS0 2024 - All rights reserved
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7 Equipment and materials

7.1 Gasv

elocity, temperature, pressure and composition measurement devices

The equipment used for the point-related velocity measurements to establish isokinetic conditions shall
meet the requirements of ISO 16911-1.

When expressing dust concentrations at standard conditions on a dry basis, and /or where the concentrations
shall be expressed in relation to a reference oxygen concentration, the necessary measuring equipment shall
meet the requirements of the applicable standards.

7.2 Sam

7.2.1 Sa

The sampling system principally consists of:

a) filtration device consisting of the filter housing and filter;

b) entry t[)ozzle;

c) suction tube for out-stack filtration devices;

d) gas pump;

e) gas mdtering device including cooling and drying system and.system for controlling isokinet

condit

All parts of the sampling system which come in contact with the sampled gas shall be made o

resistant a

If further {
filter shoul

The surfac
Any chang

The sampli
the filter.

All parts
contamina

7.2.2 Fil

7.2.21 (

pling equipment

mpling system

ons.

nd, if necessary, heat resistant material, e.g. stainless steel, titanium, quartz or glass.

nalysis of collected dust is to be performed, materials in contact with the sample g
d be fit for purpose to avoid contamination.

s of parts upstream the filter shalkbe smooth and the number of joints shall be kept to g
s in bore diameter shall be smoothly tapered and not stepped.

ng equipment shall alsg'be-designed in order to facilitate the cleaning of internal part

f the sampling system which come in contact with the sample gas shall be prots
Fion e.g. during handling and transportation.

kration device

feneral

¢ sampling

f corrosion

as and the

minimum.

5 upstream

bcted from

The filtration device consists of the filter housing and the filter.

The filtration device is either located in the duct (in-stack filtration) or placed outside the duct (out-stack

filtration):

a)

in-stack filtration devices (see Figure 3):

The part of the tubing between nozzle and filter should be very short, thereby minimizing dust deposits
upstream of the filter. Due to available access port dimensions on ducts, the filter diameter is then
typically limited to 50 mm, with a sample flow rate of approximately 1 m3/h to 3 m3/h. Since the
filtration temperature is generally identical to that of the gas in the duct, filter clogging can occur if the
stack gas contains water droplets.

© IS0 2024 - All rights reserved
8


https://standardsiso.com/api/?name=0851a36a8e502cdd8e256bdddc4582c2

b)

ISO 12141:2024(en)

To allow access to all measurement points in the duct, a leak free rigid tube of sufficient length (support
tube) is used downstream of the filter housing for mechanical support of the filtration device.

out-stack filtration devices (see Figure 4):

The part of tubing between the nozzle and the filter (suction tube) shall be of sufficient length to allow
access to all measurement points in the duct. The suction tube and the filter housing shall be temperature
controlled, which provides evaporation of possible water droplets or avoids filtration difficulties related
to high acid dew point gases. Filter diameters between 50 mm and 150 mm are generally used, with
associate flow rate of 1 m3/h to 10 m3/h.

4

entry njozzle 7  dynamic pressure measurement
filter hpusing 8  support tube (in-stack device)
pitot tuybe 9  cooling and drying system
temperature sensor 10 suction unit and gas metering device
temperjature indicator 11 pressure gauge
static pressure measufément

Figure 3 — Example of a sampling system for in-stack filtration

© IS0 2024 - All rights reserved
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Key

1  entry nozzle 7  dynamic.pressure measurement

2 filter hpusing 8  suction tube (out-stack device)

3  pitottybe 9  ‘eooling and drying system

4  temperfature sensor 10-\"suction unit and gas metering device (see Higure 5)
5 temperfature indicator 11 pressure gauge

6  static pressure measurement

Figure 4 — Example of 2 sampling system for out-stack filtration

7.2.2.2 Hilter housing

The filter housing is a casingdn-which the filter is mounted directly or by use of a filter holder] When the
filter housing is placed outsstack, it shall be temperature controlled to maintain filtration conditfons and to
avoid condensation.

The parts fo be weighe&d before and after sampling shall be either:

a) the filter, orithe filter with the filter holder

In this|cdse the dust deposits at the inlet of the filter housing shall be recovered and weigheld (see 9.6).
The use of a filter housing with a conical inlet of an angle less than 30° helps to minimize dust deposits.

b) the filter, inlet part of the filter housing and the upstream parts (e.g. nozzle)

In this case dust deposits upstream of the filter are taken directly into account. It is necessary to check
whether the parts to be weighed are compatible with the range of the balance (see 8.3).

The filter housing and the filter holder shall be designed in such a way that no gas turbulence occurs near
the joints.

© IS0 2024 - All rights reserved
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7.2.2.3 Filters

The filters to be used shall comply with the following minimum requirements:

— plane filter efficiency better than 99,5 % on a test aerosol with a mean particle diameter of 0,3 um, at the
maximum flow rate anticipated, or better than 99,9 % on a test aerosol of 0,6 pm mean particle diameter.

This efficiency shall be certified by the filter supplier;

— the filter material shall not react with or adsorb gaseous compounds contained in the gas to be sampled,
and shall be thermally stable, taking into account maximum temperature anticipated (e.g. for conditioning

and sampling).

The choice of the filter should also take into account the following considerations:

— the pré¢ssure drop of the filter, and increase due to the collection of the dust while sampling. Tk
on thekind of filter. As an example the pressure drop can be between from 3 kPa to 10 kPa for]
velocitly in the range of 0,5 m/s;

is depends
a filtration

— when wising filters with organic binders, care shall be taken of possible weight variations dule to binder

losses by evaporation when heating;

— glassfjbre filters can react with acidic compounds such as SO5;, which leads te-an increase in wj
use is hot recommended;

— despite their weak mechanical properties quartz fibre filters are pfoven to be efficient in mo

— PTFE filters are also proven to be efficient, however the maxitnum allowable temperaturg
passing through the filter is limited (see Table 1).

If it is anti¢ipated to determine the composition of the dust.collected, the choice of the filter matsg
take into agcount the filter blank value for the relevant compounds.

Table 1 gives an overview on filter material and theirstrengths and limitations.

Table 1 — Filter material:and their strengths and limitations

eight; their

5t cases;

of the gas

rial should

Materigl Strengths Limitations
Celluloge — cannot be exposed to temperatures abovie 125 °C
nitratg
— low filter capacity for dust
PTFE? — proven efficiency — cannot be exposed to temperatures abovie 230 °C
— not proneto fibre loss — mechanically weak
— prone to curling during conditioning in oven
— electrostatic charges can affect weighing
Fibreglaps «|%= strong mechanical properties — reacts with acidic compounds, such as S5
— cannot he exposed to temperatures ahovie 200 °C
Quartz fibre |— thermally stable — fibre loss may occur
— resistant to chemical reactions with|— weak mechanical properties
waste gases, such as HF, HC], SO,, SO,
H,S0,, NO and NO, — cannot be exposed to temperatures above 700 °C

some stating a limit of 120 °C.

a  PTFE can be exposed to temperatures of up to 230 °C. However, some manufacturers have lower temperature limits, with

Laser cut filters have a raised edge, due to the effect of the laser heating the filter material. For this reason

laser cut filters can lose material, due to mechanical damage to the fused edge when the filter is cl
filter holder and removed from the holder for weighing.

© IS0 2024 - All rights reserved
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7.2.3 Entry nozzle

The sample gas stream to be measured enters the sampling system via the nozzle. The nozzle is connected
either to the suction tube or to the filter housing.

In order to allow isokinetic sampling of gases flowing at a wide range of velocities (e.g. 3 m/s to 50 m/s)
without major change of the sample gas flow rate, the sampling equipment shall be supplied with a set of
nozzles of different diameters.

The entry nozzle shall be sharp in order not to disturb the main gas flow. Annex C details four proven
designs. Other designs are allowed, provided they are validated to give equivalent results.

The uncertain

criteria. Fo

In order to

minimize disturbance of the gas flow near the nozzle tip, the following requirements-shall

also apply:

or at least

st 1,5 time

m from the

t 50 mm or

ection and
ons for the

maximum
Hjustments

a) constant internal diameter of the nozzle for a minimum length of one internal diameter,
10 mm from the nozzle tip whichever is the greater;
b) any chpnge in bore diameter shall be tapered and of conical angle shall not exceed 30°;
c¢) bendspre allowed only after a minimum straight length of 30 mm; theirradius shall be at lez
the internal diameter;
d) any chinge in the external diameter of the sampling system parts)located at less than 50 m
nozzleltip shall be tapered and of conical angle shall not exceed30°;
e) obstacles related to the sampling system are:
1) prphibited upstream the nozzle tip;
2) allowed besides and downstream of the nozzlé-tip, when situated at a distance of at leas
one times the size of the obstacle, whicheyer is the greater.
7.2.4 Suftion tube for out-stack filtration.devices
The suctiop tube shall have a smooth internal surface, and shall be designed to facilitate insp
mechanical cleaning. The tube shall/be'temperature controlled to maintain the planned conditi
filtration of the gases.
7.2.5 Suftion unit
The suction unit (gas pump) shall be tight, corrosion-proof and shall be capable of extracting the
rated flow fate in the sampling conditions (vacuum at the suction side down to e.g. 40 kPa). Wide a
of sampled flow rate shall be controlled by a regulating valve and/or by-pass. A shut off valve shall also be

available tp shut-0ff'the gas flow through the sampling train.

7.2.6 Gasmetering devices

The following two kinds of gas metering systems may be used:

a)
1) co

2) ga

flow rate measurements on a dry basis (see Figure 5):

ndenser and/or gas drying tower;

s-tight pump;

3) flow meter, in order to facilitate the flow rate adjustment, calibrated against the dry gas volume meter;

© IS0 2024 - All rights reserved
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4) dry gas volume meter (maximum expanded uncertainty of 5,0 % at the anticipated flow rate) with
associated absolute pressure and temperature measurement (maximum expanded uncertainty of
2,0 % each);

b) flow rate measurements on a wet basis (see Figure 5):
1) heated tubing, in order to prevent upstream condensation of the sample gas;

2) orifice plate or equivalent device (flow meter), maximum expanded uncertainty of 10,0 % of
the anticipated flow rate; the expanded uncertainty of the measured values of temperature and
pressure (absolute and differential) measurement shall not exceed 2,0 % each;

3) compressed air ejector acting as suction device;

4) atmospheric pressure measuring device.

Other typeis of systems are allowed, provided that the component parts meet the requirements gpecified in

this subclapse.
10d 10e

—

10b 10¢ v @

12a —~ 103

b . 103 10b 10¢ 10e @

I
I
10g 10d
10h ”
13 50" 10a | a0 1o
¢ 2 | 10i
Key
10a shut off valve 10g bypass control valve
10b adjustment valve 10h heated orifice plate
10c pump 10i compressed air ejector
10d flow meter 11  pressure gauge
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10e dry gas volume meter 12a dry gas

10f temperature indicator for 12a 12b dry gas

10f temperature and pressure indicator for 12band 13 13  wet gas

Figure 5 — Examples of suction unit and gas metering devices

7.3 Dust deposit recovery accessories

The following accessories may be used for the dust deposit recovery:

a) purified water (de-ionized and filtered having a dry residue of 1,0 mg/1 or less)

b) acetonle (pA grade having a dry residue of 1,0 mg/I or less);

c) contai

d) plugs

7.4 Equ
The follow

a) weighing containers for the drying procedure of the rinsing solutipns. The mass shall be in

be weighed (see 7.2.2.2). Depending on the balance room location, specific care shall be tak

with t}
are no
b) desicc
c) drying
d) balang
readin
NOTE
(see An
e) therm
f) pressu
g) depen

hers of appropriate size (e.g. 250 ml) for storage and transportation of the rinsing solu

Acetone resistant) to close the suction tube.

pment for conditioning and weighing

ng equipment may be used for conditioning and weighing:

e balance to be used. Glass and ceramic have proven tobe suitable materials. Plasti
 recommended;

htors: located in the weighing room, with a desiccating agent (silica gel, calcium chlorig
oven: laboratory drying oven, thermally conttolled within = 5 °C;

e: resolution from 0,01 mg to 0,1 mg, the 'range shall be compatible with the mass

instability related to vibrations, airydraughts and temperature variations;

The weighing uncertainty is notonly related to the balance characteristics but to the whol
nex E).

pmeter and humidity meter near the balance;
re gauge;

ling on the evaporation procedure, an extraction hood and heating plate for the eva

tion;

hccordance
C materials

le);

of parts to
en to avoid

e procedure

boration of

rinsing solution shallbe provided.
8 Weighingprocedure
8.1 General

Depending on the kind of sampling system to be used, the parts to be weighed can be the filter with or

without its

filter holder, or can also include all upstream parts from the filter.

Depending on the procedure to be used the rinsing solutions can be evaporated and weighed in the same
container or transferred to a smaller container for weighing.

8.2 Pre-

sampling conditioning

If the filter housing is part of weighing parts the outside surfaces shall be cleaned prior to weighing.
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Weighed parts shall be dried in a drying oven for at least 1 h before sampling at a temperature of at least 20 °C
above the maximum temperature reached during sampling and post-sampling treatment (see Annex H).

The temperature used while conditioning before weighing shall be indicated in the measurement report.

The filters and/or the weighing containers are cooled down to ambient temperature in a desiccator located
in the weighing room for at least 4 h. For larger parts, e.g. weighing containers, a duration of up to 12 h can

be necessa

ry.

8.3 Weighing

Since dust concentration is determined by difference between weights, special care is required in order to
avoid weighing errors related to balance drift, to insufficient temperature equilibrium of parts to be weighed,

and to clim
shall valid
both pre-w

Before eac
a)
b)

the ba

additid
measul
contan

the clij

9

When weig
the appare
weighing ¢
type (filter
pressure o

Attention |

electrd
(metal

hygrod

small g
the ba

Weighing 3
at 1 min, 2
for at least]
calculated

8.4 Post

atic changes (see examples in Annex F). Therefore, before performing any measureme
hte their weighing procedure (see 8.6). It is strongly recommended to use the same |
eighing and past weighing.

h weighing series:
ance shall be checked against standard weights;

nal check shall be carried out by weighing control parts, identicalfo the parts to be
rement, pre-treated in the same temperature and humidity control conditions and kep
hination;

matic conditions in the room shall be recorded.

thing large volume parts (e.g. beakers), the temperature and barometric pressure ca
ht weight, this can be detected using the reference Weight of the control parts. In these
prrections shall be applied, based on the apparent weight modification of the control g

with filter holder, container etc.) or by calculating the influence of the change of
h the basis of performance characteristics.previously determined by each test laborat

as also to be drawn on an increase oy decrease in weighing due to:

lic plate, ion gun);
copic characteristics of the filter material and/or dust;

lifferences in temperature between the part to be weighed and the environment which
ance.

hall be carriedout within 3 min after removal from the desiccator. Three readings she
min and 3 mih. [fa significant increase is detected, the sample shall be put back into thd
4 h and<then the weighing procedure shall be repeated. The dry reference weight sh
by extrapolation to zero time.

ht, the user
balance for

1sed in the
t free from

h influence
conditions,
art of each
barometric

ry.

static charges, which give errafi¢‘readings and which may have to be discharged/meutralized

tan disturb

11 be taken
desiccator
all then be

-cnmpling treatment of wpighpd parts

If the filter housing is part of weighing parts the outside surfaces shall be cleaned prior to weighing.

Weighed parts shall be dried after sampling in a drying oven for at least 1 h at 160 °C. Afterwards they
shall be equilibrated to ambient temperature as described in 8.2. For specific reasons to be presented in the
measurement report an alternative conventional temperature for post-sampling treatment may be selected
(see Annex H).

The temperature used while conditioning shall be indicated in the measurement report.
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8.5 Post-sampling treatment of the rinsing solutions

All the rinsing solutions (water and acetone) from all parts upstream of the filter as described in 9.6 shall be
taken to the laboratory for the further treatment. Care shall be taken that no contamination occurs.

The solutions shall be transferred carefully to the dried and pre-weighed containers (see 8.1). During
the evaporation the solvent mixture shall not be boiled. As the volume of solution is reduced through the

evaporation process, small vessels may be used before the final weighing container.

NOTE

a)
b)

Proven methods for evaporation of rinsing solutions are:

evaporate in an oven at 120 °C at ambient pressure;

evaporate in a closed system (desiccator). The initial temperature is set to 90 °C and the pressure is reduced to

40 kPa
period

After evap
then coole
measurem

(see Annex H).

From the
correction

8.6 Imp

Experiencg
the whole
validate it{

Repeated

temperatu
the actual |
equilibriun

The result
gas volumg
concentrat]

If the actu
parameter

9 Samp

9.1 Preparation

(absolute). From time to time the temperature is increased and the pressure is decreased.
they are kept at 140 °C and 20 kPa (absolute).

oration the weighing containers shall be placed in the drying oven for at least 1 h
1 down to ambient temperature as described in 8.2. For specific reasons,tobe prese
bnt report an alternative conventional temperature for post-sampling tréatment may

bolvents used at least one blank value from the same batch shall’be determined, f

rovement of the weighing procedure

has shown that weighing uncertainties are not only.related to the balance perform
procedure applied. Therefore, before performing any measurement, the user shall es
own procedure, taking into account the sampling equipment and filters to be used.

iveighing of the same parts, spread over‘several weeks in various conditions, i.
e, atmospheric pressure and humidity, provide through the standard deviation an es
precision of weighing, including the uncertainties related to i.e. the manipulation of thd
n time.

5 are used as a first estimate of the field blank value and provide a means of calculd
to be sampled, in order to«get significant data, taking into account the anticipated ra
ions (see Annex E).

] precision of weighing'is not sufficient, weighing can be improved by controlling th
5 e.g. in climate controlled environment.

ling procedure

The equipn

For the last

at 160 °C,
hted in the
be selected

br possible

ince but to
Fablish and

e. ambient
timation of
filters and

tion of the
hge of dust

e influence

hent shall be cleaned, prepared and checked before moving to site. Care shall be taken 1

ottoreuse

any part of a sampling system previously used for high dust concentration sampling without dismantling
and thorough cleaning.

Depending on the measurement programme, filters and associated parts to be weighed shall be prepared for
each measurement series.

Perform weighing of the parts in accordance with Clause 8.

All the weighed parts, the suction tube and the other parts of the equipment which will come in contact
with the sample and will be rinsed later shall be protected from contamination during transportation and

storage.
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9.2 Filter handling

Filter handling can be a major source of uncertainty in the dust measurement, often leading to structural
damage to the filters and the potential for loss of material from the filters. Therefore, handling of filters shall
be reduced to a minimum.

Whenever possible, filters shall be installed into individual filter holders at the permanent premises of the
test laboratory, prior to going to the measurement site. Each filter with its filter holder shall be placed in an
individual storage box for transportation purposes.

At the measurement site, the filter in its filter holder is removed from the storage box and placed into the
filter housing. After sampling the filter with its filter holder is removed from filter housing and placed back
into the storage box for the transportation to the laboratory.

NOTE1
handling an|

In case of
entry nozz

If one filtey]
caused by
such as str

NOTE2 |
structural d

NOTE3 |
be removed
filter holder
Filters in co

NOTE4 |
ambient air
occurs afte]
same direct]

9.3 Pre-

Dust meas
(waste gaf
method is
measurem
calculated
upon the c

Therefore,
operation i

'he unit of a filter in its filter holder protects the filter from structural damage that can/b
d from influences by surrounding conditions.

e providing one filtration unit.

holder is used on site for several filters, measures shall be taken to prevent damage o
handling and to prevent influences on the collected dust on the filtérs’by surrounding
png wind and rain.

ilter holders that clamp the filter using a clamping ring can causemechanical damage, whicH
amage of the filter that can cause filter losses during sampling:

ifferent approaches are used for handling and weighingfilters after sampling. Filters in filter
from the filter holder and weighed, taking care to ensure that any loose filter material attz
is also removed and weighed. Alternatively, the filtextholder and filter can be weighed as a cor
Imbined filtration units are weighed together.

xperience has shown that filters can contain loose material. Filters can be preconditioned by g

conditioning. If pre-blowing of filters is catrried out, the filters are then installed into filter h
ion for sampling, as they were when they were pre-blown.

measurements

irements can be performed using simple probes without velocity device or with combi
sampling and velocity measurement simultaneous at each measurement point). Thg
to use combined probes with the isokinetic sampling flow calculated from the acty
ent. For steady ppocesses a simple probe may be used. The isokinetic sampling fl
from the velacity profile established previously. The selection of the nozzle diamet
hpacity of the'\pump as well as the waste gas conditions (e.g. velocity, temperature and

extrasinformation about the duct cross-section, the waste gas and steadiness o
s needed for appropriate dust measurements.

e caused by

n-stack filtration, the filter in its filter holder may be combined with the filter housing and the

f the filters
conditions

can lead to

holders can
ched to the
nbined unit.

ulling clean

through the filter for a specified length of time and flow rate to ensure that no further loss of filter material

Iders in the

hed probes

preferred
al velocity
bw is then
br depends
moisture).

| the plant

The follow

a)
b)
)
d)

+ laalll £ad
15 STCPS STIAdIT DT TATTULTU.

calculate the density of the waste gas from the waste gas composition;

select the number and location of measurement points in accordance with ISO 15259;

determine the waste gas composition, especially the concentration of oxygen, CO, and water-vapour;

if the dust measurement is not performed using a combined probe a velocity measurement device shall

be installed at a relevant fixed point in the measurement plane. The velocity data from this fixed point is
used to prove steadiness of the process;
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e) measure the temperatures and velocities of the gas at the selected measurement points in the duct,
check also for possible deviations of gas flow with regard to duct axis; verify that the requirements of
ISO 15259:2023, 5.2 are fulfilled, otherwise, see 6.1;

f) taking into account the preliminary calculations (see Annex F) and the measured velocities, select a
suitable entry nozzle diameter which meets the isokinetic conditions for all the measurement points;

g) unless steadiness of the stationary source is proved the actual data of the velocity during sampling is
used for isokinetic sampling at each measurement point;

h) if a simple probe is used and if the variation in velocity measured with the fixed Pitot probe during

9.4 Leak test

Perform a
according to the following procedure or any other relevant procedure:

the measurements under e) is less than 10 %, the process is assumed to be steady. In those cases the
isokinetic flow during sampling can be calculated from the velocity profile of the pre measurements at
every [TEaSUTEITENt POt i threduct:

eak test on the sampling system before each measurement. Check the samplé gas line for leakage

a) assemble the complete sampling system;

b) seal thie nozzle inlet;

¢) switch on the pump;

d) read tlLe flow rate after reaching minimum pressure;

e) measufre the leak flow rate, e.g. by a rotameter, which shall not exceed 2,0 % of the expected sample gas
flow rte.

NOTE hood laboratory practice includes regular checksf the pump and of the equipment between the pump and

the gas meter for leaks.

Perform thie leak test at the operating temperature unless this conflicts with safety requirements.

Integrity
concentrat]
sample gas

Leaks shal

9.5 Sampling

Sampling s
a) Prehesg

f the sampling system can be.dlso tested during sampling by continuously mea|
ion of a suitable stack gas_cemponent (e.g. oxygen) directly in the stack and down
line. Any systematic difference between those concentrations indicates a leak in the s

be investigated andrectified.

hall be carried out according to the following procedure:

t the relevant parts of the sampling train to the selected filtration temperature

tempe

samp1i|ng shall be indicated in the measurement report.

fature’ or at least the conventional temperature (see Annex H). The temperature

suring the
stream the
ystem.

e.g. stack
1sed while

NOTE 1

sampling with the nozzle directed downstream.

For in-stack devices, the relevant parts of the sampling train can be preheated in the stack before

b)

Insert the sampling train into the duct with the nozzle, if possible, facing downstream avoiding contact
with any parts of the duct; at very low pressures in the waste gas duct the pump shall run at low power
before the probe is inserted to avoid that filter material is sucked back.

Seal up the opening of the measurement port in order to minimize air ingress in the duct or exposure of
operators to harmful substances;

Turn the suction tube until the entry nozzle is facing upstream within * 10°, open the shut off valve, start
the suction device and adjust the flow rate in order to obtain isokinetic sampling within -5 % and +15 %
(see Annex B). Use the same sampling duration of at least 3 min at each selected measurement point.
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otal sampling duration of at least 30 min.

Record at the beginning of sampling the barometric pressure, temperature and volume of gas meter.

At each measurement point and at least every 5 min, record the parameters used for determining the

stack gas velocity. Based on this value adjust the flow rate for isokinetic sampling within -5 % and +15 %.

NOTE 2

temper

£

Good laboratory practice when using dry gas meter is to record at least every 5 min gas meter

ature and pressure and to use the results for calculating the final sampled volume.

immediately adjust the flow rate for isokinetic conditions.

g)

Do not stop sampling when moving the sampling train to the following measurement point, and

On completion of sampling at all the selected measurement points of the measurement line, close the

shut off valve and suction device, remove the sampling train from the duct and reposition it
measufrement line.

NOTE 3
(cumul

The f
recom

h) On con

1) Re

2) R
pr
th

3) Di
br|

ca

Put th

weighing (see Clause 8).

9.6 Recovery of deposits upstream of the filter

9.6.1 Ge

Experimen
filter are o
concentrat

These dep

For low dust concentration measurement, it is better to use only one filter for a complete m|
htive sampling).

Iter load and the maximum gas velocity should not exceed the" filter man
mendation.

hpletion of sampling at all measurement points:
cord at the end of sampling the temperature and volume of'gas meter.

move the sampling system after closing the shut-off valve and suction device. A
pssures in the waste gas duct the pump shall run at lew'power after the probe is remoyv
ht filter material is sucked back.

kmantle the sampling system and check vistially the filter and the filter housing fi
pakage or condensation (sampling equipmetit operated below or too close the dew poi
Kes, the measurement is not valid.

e parts to be weighed in a closedeléctrostatic free container for transport to lab

neral

tal work carried-out when preparing this document proved that dust deposits upstr
'ten in the range/of 10 % to 30 % of the total dust when sampling gases from waste inci
ion around;5mg/m3.

hsits depend probably on the design of the sampling equipment, and on the kind of

sampled, b

parts of the‘sampling equipment upstream of the filter shall be rinsed. The mass of dust on nq

Lt no éfficient means was found to keep them at a negligible level. For this reason all ng

bn the next

easurement

pfacturer's

L very low
ed to avoid

br signs of
nt). In such

bratory for

eam of the
nerators at

dust to be
n-weighed
n-weighed

parts upstream of the filter shall be indicated in the measurement report, besides the mass on the filters

used durin

g the same measurement series.

When sampling with in-stack filtration devices with no bends between the nozzle and filter housing
(see Annex C) on non-saturated gases, with a temperature well above the stack gas dew point, the upstream
deposits do not have to be recovered provided that validation has been carried out at similar conditions
as the process to prove that the deposits, expressed in the same units as the measurement results (e.g. in

milligrams

NOTE

per cubic metre) do not exceed 10 % of the emission limit value set for the process.

the results of the validation.
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9.6.2 Rinsing procedure

All the non-weighed parts upstream of the filter which are in contact with the gas sample shall be rinsed to
recover the deposits unless the recovery of possible deposits is not required (see 9.6.1).

Special care shall be taken to avoid contamination if the rinsing is done on site. Rinsing shall be done in
accordance with the following procedure:

a) Rinse the nozzle, elbow and the other parts upstream of the filter carefully with water into a storage
container, taking care that nothing from the outside of the rinsed parts falls into the container.
Depending on the properties of the dust the procedure shall be repeated with acetone into the same
container.

b) To ringe—theswetiontube—seatore—endandtH-enonshwaterto—wetandcleanthetnrersurface and
then sgal the other end. The tube shall be cleaned by rotating and tilting several times, Fransfer the
solutign to the transport storage container. Depending on the properties of the dust the procgdure shall
be repgated with acetone into the same container.

No mecharjical cleaning shall be applied to recover dust deposits upstream of the filter,

The upstrgam parts shall be rinsed at least after each measurement series on the same sampling plane and

at least onge a day. The recovered mass shall be attributed to individual t€sts’in proportion tp the mass

collected o each filter.

9.7 Field blank

A field blank shall be taken at each measurement site either before or after each measurement s¢ries and at

least once a day, by the following procedure as described in 9.4 and 9.6:

a) assemble the equipment;

b) disassemble the equipment;

c) rinse, If required.

This leads to an estimation of the dispersion of results for a near zero dust concentration i.e. confamination

of filters and of rinsing solutions before-and during handling on site, transport, storage, handling in the

laboratoryland weighing procedures.

The field blank value shall be calculated using the field blank mass divided by the average sampl¢ volume of

the measufement series.

All field blgnk values shall bereported individually.

The field Ylank value.shall not exceed 10 % of the emission limit value set for the process or §,5 mg/m3,

whichever [is greatef.

10 Calculation

10.1 Sampling volumetric flow rate

In order to perform isokinetic sampling, calculate the required sampling volumetric flow rate, taking
into account the velocity of the gas in the duct at the measurement point and the effective diameter of the
sampling nozzle.

Because sampling flow rate is measured in conditions (temperature, pressure, humidity) which generally
differ from the actual conditions of the gas in the duct. It shall be corrected as follows:

Om =0

100%-h,

X T
100%—h,

T,

a

xPa
Pm

a
m
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where

Q,, isthe measured volumetric sampling flow rate at gas meter conditions;

Q, isthe sampling volumetric flow rate, expressed in the actual conditions in the duct;

h,, 1isthe humidity of the gas in measurement conditions, in percentage volume;

h, is the humidity of the gas in actual conditions, in percentage volume;

T, isthe temperature of the gas in measurement conditions at the volume meter, in Kelvin;

T, isthe temperature of the gas in actual conditions in the duct, in Kelvin;

P, islthe absolute pressure of the gas in measurement conditions at the volume meter;

p, is[the absolute pressure of the gas in actual conditions in the duct.
Compare the Q, target value to the Q, performed during measurement, in order. tQ”check foy
sampling cpmpliance.
10.2 Dust concentration
For each test, calculate:
a) the sample volume V, specifying whether on a dry or wet basis and at standard conditions;
b) the totlal mass m of dust collected upstream of the filter (rinsing) and on the filter;
¢) the dupt concentration c:

=y
It is sometimes necessary to express dust concentrations to a reference oxygen concentration to
dilution effect. Then the measured dust concentration on a dry basis and at standard conditio
multiplied by the correction factor f:

fe= g %0 Oref

21%-o,,

where

0o 19 the oxygen.teference concentration in percentage volume of dry gas;

0, Iidthe oxygén concentration in percentage volume of dry gas, measured in the duct.
11 Measurementreport

isokinetic

(3)

correct for

ns shall be

(4)

The measurement report shall provide a comprehensive account of the measurements, a description of the
measurement objective and the measurement plan. It shall provide sufficient detail to enable the results to
be traced back through the calculations to the collected basic data and process operating conditions.

The measurement report shall include the items specified in ISO 15259 and at least the information on the
following items:

a)

Identification of the sampling location and gas parameters in the duct:

1) duct dimensions, number and position of measurement lines and measurement points;

2) ve

locity and temperature at each measurement point;
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3) 0,, CO,, water-vapour content;
4) compliance with the requirements on the gas stream specified in ISO 15259.
b) Measurement procedures:
1) dust measurement:
i) reference to this document (i.e. ISO 12141 :2024);
ii) any modification of the measurement method and corresponding validation data;

2) characteristics of sampling equipment:

i) [type of filtratiom device;
ii)| nozzle diameter;
iii) characteristics of the filter (material, sizes, etc.);
iv)] filter conditioning and filtration temperature;
c¢) Testrgsults:
1) number of tests;
2) for each test:
i) | date, time and duration;
ii)] sampled volume;
iii)] dust mass on the filter and dust mass recovéred from the rinse solutions;
iv] dust concentration at the conditions specified in the measurement objective.
d) Quality assurance:
1) ledk testresults;
2) figld blank value;
3) compliance with the isokinetic criterion.

Results below the field blankwalue shall be reported as less than the field blank value.
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Annex A
(informative)

Performance characteristics of the method obtained in the method

A.1 Gen

validation

eral

Because W
reproducih

However, i
a procedur

The standd

aste gas composition varies in time, it is not possible to determine the repeat
ility of the method in accordance with ISO 5725-2.

fone team performs successive parallel sampling tests with two identical sampling sy
e allows statistical comparison between paired values x;; and x; , to be calculated.

rd deviations s of the paired values are:

W

2
Jizl(xm ~Xj2)

SZJz

where n is
The standd

the int]
out by

u:to

where

the re
measu

r=+2|

These data|

When datd
achieved a

,95;n—-1 S

rements by the same team;for a 95 % confidence level:

2n
the number of the paired values
rd deviation can be used for the calculation of:

ernal uncertainty u (or internal confidence interval) linked to an individual measurem
that team:

to,95; n-1 1s the student factor for'a95 % confidence and the degrees of freedom n - 1.

beatability r (in accordapce*with 1SO 5725-2), i.e. the maximum difference betwe

t0,95;0-15

can be usedBy the test laboratories as tools in the framework of quality assurance.

hd preyide an estimation of:

hbility and

tems, such

(A1)

ent carried

(A.2)

en i.e. two

(A.3)

| are proyided by several independent teams operating together, similar calculatigns can be

the ex

panded uncertainty linked to an individual measurement carried out by any team fulfilling

the requirements of this standard. This uncertainty shall be taken into account when comparing the

measu

red values to the emission limit value;

the reproducibility R (in accordance with ISO 5725-2), i.e. the maximum difference R, which can be

expected at a 95 % confidence, between two measurements by different teams working in accordance
with this standard, at the process conditions.

When doin

g measurements at low level concentrations, the detection limit can be estimated:

— Dby parallel measurements and calculation of the uncertainty;

— by successive measurements at near zero concentration. The detection limit is assumed to be three times
the standard deviation.
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Validation tests were performed in two municipal waste incinerators equipped with different kinds of gas

treatment:

— Plant A: semi dry process with a fabric filter, stack gas temperature: 140 °C;

— Plant B: electrostatic precipitator, with a scrubber, stack gas temperature: 60 °C, water saturated.

Sampling duration was limited to 30 min.

The results are given in Table A.1.

Plant
A H
Number of teams in parallel 4 3
Number of put-stack/in-stack devices 1/3 3/0
Number of puccessive tests 32 16
Dust on filter only | Total dustincluding Total{dust
rinsing
mg/m3 mg/m3 mg{m3

Dust concentration

mepn: 4,7 6,4 2,5

rarjge covered: 2to 17 3to 19 0,3t9 6,8
Repeatability 1,7 2,1 10
Expanded uncertainty 2,4 4,0 1,8
Reproducihility 3.4 57 26
The detectjon limit was estimated from results by one team, to be:

— for dry

— forwa

A.3 Con|

During the
uncertaint

Further iny
improvemg

Increased

iments

gases: approximately 0,3 mg/m3{dust on filter only);

fer saturated gases: approximately 2 mg/m3 (total dust).

above tests, someé high field blank values were reported (+1 mg/m3 or higher) due tp weighing
es of rinsesdry extracts (e.g. use of vessels of improper material).

restigation’showed that these uncertainties can be reduced to less than 0,5 mg/m3, leading to an
nt ofivepeatability and reproducibility.

sampling time to 60 min or to 90 min would improve significantly the reproducibility of

measurements.
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Annex B
(informative)

Influence of the isokinetic rate on the representativeness of the

collected particles

Figure B.1 shows the influence of the isokinetic rate v, /v4 on the representativeness of the collected particles
for the following cases:

a) If the
identic
the ga

b) If the isokinetic rate is smaller than one, then the gas flow in the nozzle is smaller than the
the duft, which leads to a disturbed gas flow as shown in the middle of Figuire ‘B.1 and a lov
gas volume. Fine particles can follow the gas flow, whereas coarse particles follow the or

on due to the mass inertia. This leads to a higher dust mass on thefilter, which is primalrily caused

directi

by the|coarse particles in front the nozzle plane, which do not follow thé.gas flow out of the n¢

In this

c) If the

flow and the dust concentration can be correctly measured.

case the measured dust concentration is too high.

sokinetic rate is equal to one, then the gas flow in the nozzle and the gas flow in tllle duct are
al as shown in the left part of Figure B.1. In this case fine and coarse particles,can‘evenly follow

cas flow in
ver sample
iginal flow

zzle plane.

sokinetic rate is greater than one, then the gas flow irtthe nozzle is greater than the gas flow

in the |[duct, which leads to a disturbed gas flow as shown inxthe right part of Figure B.1 and a higher

sample gas volume. As in the previous case, the fine particlescan follow the gas flow, whereas

particl
the filt]
the ga

Figure B

es follow the original flow direction due to the mass inertia. This leads to a lower du
er, which is primarily caused by the coarse particles outside the nozzle plane, which d¢
flow into the nozzle plane. In this case the measured dust concentration is too low.

vi/vg=1 Vil Vg <1 vo/vg>1

- —

>

1 -—~Schematic showing the effect of the isokinetic rate v, /v, on the representati

the coarse
st mass on
not follow

veness of

the collected particles

The collection efficiency of a sampling system for particles can be calculated from the isokinetic rate
(see References [1], [2] and [3]). Figure B.2 to Figure B.6 show examples of collection efficiencies as a
function of the ratio of the gas velocity in the entry nozzle to the gas velocity in the duct for varying the
particle diameter (Figure B.2), the waste gas flow (Figure B.3), the nozzle diameter (Figure B.4), the particle
density (Figure B.5) and the waste gas temperature (Figure B.6).

NOTE The collection efficiency is the ratio of the sampled concentration sampled at a specific isokinetic rate to
the concentration at isokinetic sampling with an isokinetic rate of 1,0.
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Key

—e— 2
—v— 5
—e— 10

Figure B.]
the entry
velocity)|

04 06 08 1,0 12 14 16 1,8 20 22 24 26 28130 32 Vn/y

m —A— 20 um
m —&— 50 um
im

P — Theoretical dependence of the collection efficiency E on the ratio of the gas y
nozzle v, to the gas velocity v, in the duct for different particle diameters and a \
of 10 m/s, a nozzle diameter of 10 mm, a particle density of 1 000 kg/m3 and a w

temperature of 0 °C

4

elocity in
aste gas
aste gas
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1,4

0,p
0,4 | | | | | | | | | | | | |
04 06 08 1,0 12 14 16 1,8 20 22 24 26 281,30 32Vn/¥q
Key
—— 51)/s —a&— 20m/s
—¥— 10 /s —&— 25m/s

—e— 15m/s

Figure B.3 — Theoretical dependence of the collection efficiency E on the ratio of the gas velocity in
the entry nozzle v, to the gas velocity v, in the duct fordifferent waste gas velocities and a particle
diametér of 5 pm, a nozzle diameter of 10 mm, a particle density of 1 000 kg/m3 and a wpste gas
temperature of 0 °C
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velocity

E
1,4
1,2 &
1,0
» v\N
0,p
ok | | | | | | | | | | | | |
04 06 08 1,0 12 14 16 1,8 20 22 24 26 28Kr30 32Vn/¥q
Key
—— 4 mm —aA— 16mm
—¥— 8 mm —— 20mm
—e— 12mm
Figure B.4 — Theoretical dependence of the collection efficiency E on the ratio of the gas
in the enfry nozzle v, to the gas velocity v, in the duct for‘different nozzle diameters and g particle
diameter of 5 um, a waste gas velocity of 10 m/s, a particle density of 1 000 kg/m3 and a ¥

temperature of 0 °C

yaste gas
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1,4

1,0

0,8 —~——

0,p
0,4 | | | | | | | | | | | | |
04 06 08 10 12 1,4 16 1,8 20 22 24 26 281,30 32Vn/tq4
Key
—e— 10D0 kg/m3 —A— 4000 kg/m3
—¥— 20D0 kg/m3 —&— 5000 kg/m3

—e— 30p0kg/m3

Figure B.5 — Theoretical dependence of the collection efficiency E on the ratio of the gas|velocity
in the enfry nozzle v, to the gas velocity v, in the duct for-different particle densities and a particle
diameter of 5 pm, a waste gas velocity of 10 m/s, a nozzle diameter of 10 mm and a waste gas
temperature of 0 °C
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E

1,2

1,0

0,8

0,p

ok | | | | | | | | | |

o4 06 08 10 12 14 16 18 20 22 24 26 28AK30
Key
—eo— 0°C —aA— 150°C
—¥— 50fC —— 200°C
—e— 100 °C

3,2 Vn/Vq

Figure B.6 — Theoretical dependence of the collection efficiency E on the ratio of the gas|velocity
in the entry nozzle v, to the gas velocity v, in the ductfor different waste gas temperatures and a
particle diameter of 5 pm, a waste gas velocity of 10.m/s, a nozzle diameter of 10 mm and p particle

density of 1 000 kg/m3
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Annex C
(informative)

Proven design of the entry nozzles

Figures C.1, C.2 and C.3 show three designs of the entry nozzles, where:

e

d

n

R
L

a)

b)

is the thickness of the side of the nozzle;

is the |nternal diameter of the entry nozzle;

is the fradius of curvature of the nozzle entry edge;

is the |Jength with constant internal diameter.
Figure|C.1:

1) e<4d,/12butatleast 0,8 mm;

2) Lz%10mm;

A

3) R£0,2mm.

Effective diameter d = d, + 2R

X
=30°

D v

|

|

|

|

|

L
Y =
Al
~

Y

Dimensions in|

Figure C.1 — Example of in-stack filter housing with proven integral nozzle

Figure C.2:

e<0,2 mm.
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Effective diameter d =d, + e

Dimensions in millimetres

Ll |
210 20N
| |
IRy N
N |
5700 <7°
\ -
s
e<0,2 % 2 g™
e&®0,2
Figure C.2 — Example of proven entry nozzles
14

Key
16 mm

25 mm

60 mm

size to suit nozzle tube
15 mm radius

20 mm radius

nozzle diameter

20°

35 mm

O© 0 N O U1 o W N =

Figure C.3 — Example of proven goose neck nozzle
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Annex D
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Summary of the requirements

Equipment Value Specified in
Nozzle:
— uncertainty of area at nozzle entry S5%
— length yvith constant internal diameter >10 mm 7.2.3
— changelin diameter angle <30° 7.2.3
— radius ¢f the bend > 1,5 times internal diameter of the bend 7.2.3
— straight length before the first bend >30 mm 7.2.3
— distanck to obstacles >50 mm 7.2.3
Filter:
— efficienlcy on test aerosol of 0,3 pm >99,5 % 7.2.2.3
— efficienjcy on test aerosol of 0,6 pm >999 % 7.2.2.3
— materigl no reaction and-ng/absorption of the 7.2.2.3
components
Sample gas
— maximf@im expanded uncertainty of gas volume < 5,0 %.6f measured value 7.2.6
— maximum expanded uncertainty of absolute pressure < 2,0 % of measured value 7.2.6
— maximum expanded uncertainty of absolute temperature [£2,0 % of measured value 7.2.6
Angle of the nozzle with regard to gas flow <10° 9.5
[sokinetic rfate 95 % to 115 % 9.5
Leak rate <2,0% 9.4
Balance: repolution 0,01 mgto 0,1 mg 74
Pre- and gost-sampling treatment of<weighed parts:|[4hto12h 8.2,84
temperatufe equilibrium duration
Field blank|value <10 % of the ELV2 or 0,5 mg/m3, whichever 9.7
is greatest
Expanded uncertainty < 20 % of the ELV2 Clause 5
Sampling location Value Specified in
Duct gas flgw:
— angle with regard to duct axis <15° ISO 15259
— negative yvelocity not permitted ISO 15259
— differentiatpressureatPitottube 5Pa SO 15259
— ratio of maximum to minimum velocity <31 [SO 15259
Straight length before the measurement plane > 5 hydraulic diameters (recommended) ISO 15259
Straight length after the measurement plane > 2 hydraulic diameters (recommended) ISO 15259
Straight length before emission point > 5 hydraulic diameters (recommended) ISO 15259
Number of sampling points according to ISO 15259 ISO 15259
Waste gas characteristics Value Specified in
Waste gas density: uncertainty <0,05 kg/m3 1SO 16911-1

a  ELV set for the process.
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Annex E
(normative)

Sampling volume, flow rate and duration

eral

um gas volume to be sampled shall be derived from the uncertainties in dust weighi

ng and the

emission li

E.2 Wei

These uncq
In accorda

E.3 Sam

For an em
weighing (

The necess

%

min —

E.4 Sam

When the s
by Formuls

Qmin =

The sampl
sampling €

mit value set for the process.

ghing uncertainties

rtainties are not only related to the balance performances but to the whole weighing
nce with 8.6, they are determined by repeated weighing of filters and-weighing contair

pling volume

ssion limit value E the dust mass m shall be at least 10-fimes the expanded uncert:
bee 9.7).

ary minimum sampling volume V,;  is then determined by Formula (E.1):

m 10U,
E E

pling flow rate and duration

ampling duration ¢t is limited (e:g. 30 min), the minimum sampling flow rate Q,,;, is g

| (E.2):
74

min

L

ing flow rate @71 'is compared to the practical flow rate which can be achieved b
quipment (e.g: filter pressure drop, pump characteristics).

procedure.
jers.

inty U, of

(E.1)

etermined

(E.2)

[y the used

© IS0 2024 - All rights reserved
34


https://standardsiso.com/api/?name=0851a36a8e502cdd8e256bdddc4582c2

F.1 Gen

ISO 12141:2024(en)

Annex F
(informative)

Examples of weighing bias

eral

Weighing bias related to insufficient temperature equilibrium, and to climatic changes between pre- and

post-samp

In this exa
is calibratd

F.2 Effe

Because of
temperatu

apparent miass variation of:

40 mlX

F.3 Effe

The balang
sampling.

The differd
Petri box (

Due to the
volume lea

9,4mlk1,2

F4 Effe

The barometric pressure is assumed to be:

(s to an apparent weight modification of:

ing weighing, are illustrated in the following example.

ple, the filter is placed in a closed glass Petri box, mass 25 g, inside air volume 40'ml. T
d against a standard mass 25 g (density 8 g/ml). Density of glass 2 g/ml, of air 1,2 mg
ct of insufficient temperature equilibrium

too low equilibrium time after drying, the inside air of the,Petri box is assumed
e 2 K higher than that of the balance room (300 K). The difference of air temperature

1,2%x 2K =0,3mg
ml 300K
ct of temperature variations

e room temperature is 15 °C when weighing before sampling, and 25 °C when wei

nce between the volume of air displaced by the standard mass (25 g, volume 3,1 ml)
P5 g, volume 12,5 ml) is 9,4 ml.

temperature change of (LO~K) compared to the temperature of the balance room (300

mg

Jo——X———

ml

10K

X =0;4 mg

ct of barometric pressure variations

he balance
ml.

to have a
leads to an

(F.1)

bhing after

and by the

K) this air

(F.2)

bhaofar Q0o C1-D
U, T

a) when

atalhin o 2
Vclsllllls UCTIUIC oaulyuus 70, JAN e )

b) when weighing after sampling 104 kPa.

Therefore,

arelative pressure variation of 5,5 % is observed.

Due to this relative pressure variation, the 9,4 ml air volume leads to an apparent weight modification of:

9,4m1><1,2m—fl°’><0,055:0,6mg

m
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F.5 Conclusions

When weighing parts with large internal volume, it is mandatory, that the temperature equilibrium has
been reached before weighing.

There is no need for correction of temperature effects if the room where the balance is situated is thermally
controlled. But it remains necessary that the effect of barometric pressure variations will be taken into
account, especially if the density of parts to be weighed is very different from those of standard masses used
for calibration. The required correction may be done by weighing the “control parts”, as indicated in 8.3.
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Annex G
(informative)

Determination of the measurement uncertainty

eral

This annex_provides an example on how to determine the measurement uncertainty of dust emission

measurem

Clause
combij

calculd

G.2 Priy

G.2.1 Ge|

In the follo

bnts by analysis of the individual steps of the measurement method, consisting of thre

G.2);
nation of the uncertainty contributions of the individual measurands (se€)Clause G.3);

tion of the effective number of degrees of freedom (see Clause G.4);

Iciple of the determination of the uncertainty contributions of measu

neral

wing, the principle of the calculation of the uncertainties of individual measurands is

e parts:

principle of the determination of the uncertainty contributions of the individual(measurands (see

rands

explained.

Uncertaintly contributions of measuring devices, as caused by e.g. calibration, signal drift or resdlution, and
uncertaintly contributions to be determined by experiments are taken into account. In G.2.2 thg mass m is
considered to be the measurand.
G.2.2 Uncertainty contribution of calibration
Calibratior] means the comparison of a measiired value obtained by measuring a certified reference with
the nomingl value of this reference. During weighing, for example, the value measured when putting a
reference Weight on the balance is compared with the nominal value according to its gauging certificate. If a
sufficient number of individual results of repeated calibration measurements are available, the yncertainty
of a measufement (e.g. mass determination) due to the calibration is calculated according to Formula (G.1):
n 2
m; —Mgee)
2 Z 1 (M~ e 2 2 1Y, 2 2

Uy (M) = I » +U” (Myep ) =5 (m)- 1_; + Uy +U” (Myer) G.1)
where

u.,(m] ~1s.the experimentally determined uncertainty of the measurand m due to calibratfion, e.g. by

weighing a reference weight;

m; is the ith measured value withi =1 to n;

m ¢ is the nominal value of the reference weight;

s(m) is the repeatability standard deviation of the measured values m;;

uy, is the bias (deviation between the mean value of the measurement series and the nominal value

of the reference, e.g. determined during weighing on the basis of the readings of the balance for

repeated placing of the reference weight and the nominal value of the reference we
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u(m..) istheuncertainty of the nominal value of the reference, e.g. uncertainty of the reference weight
according to the gauging certificate;

n is the number of repeated measurements, e.g. weighings;

with
n _
2 2 i=1 (m; - m)Z
s (m)= (G.2)
n-1

where m is the mean value of the measured values m,.
The repeatpbility standard deviation can be estimated by repeating the measurement sutticiently often (n > 5).

NOTE1 [
the referend

If the indiv
uncertaint
uncertaint
estimated

Uca) (m

NOTE2 1
result in sm|

G.2.3 Un
In general,

deviation i
basisofar

Ugrife (1

Parameter
two adjust

G.2.4 Uncertainty confribution of the display resolution

Analogue 4
is limited
between t)
designated

ormula (G.1), for example, allows for the bias between the experimentally obtained value for]
e weight and the value obtained during gauging, as well as for the uncertainty of the referencsd

idual measured values m; are not available to the user, but only informatidn‘on the mg
y U, of the calibrated measuring system, this information may berconsidered ag
y on the basis of a confidence interval of 95 %. In this case, the @mcertainty u (s
hpproximately as follows:

cal

2

'his relates to a conservative estimation. Assuming a confidence interval of 99 % instead of
aller variance and uncertainty.

certainty contribution of the drift

measurement signals are not long term-stable, but slightly change with time. This
5 also called drift. It can be assumed t6_be uniformly distributed and thus be estimg
ectangular distribution according to\Fermula (G.4):

_ Ydrift

V3

aqrife 1S the drift specified for the measuring device or the determined maximum dri
ments.

=

)

nd digital displays contribute to measurement uncertainty. The resolution of analog
by the graduation. Digital displays are rounded or truncated from a certain digit. I
vo graduation lines of an analogue display or the smallest possible step of a digita
as’a,., the true value is evenly distributed in the interval + a,.,/2 around the displ

the mass of
weight.

asurement
expanded
n) shall be

(G.3)

D5 % would

systematic
ited on the

(G.4)

ift between

e displays
F the space

display is
hyed value.

Thus, acco

rding to Formula (G.5), the uncertainty contribution due to the resolution is:

Ures (m

ares

)22\/3_’

(G.5)

If the measured value is the difference between an initial value and a final value, or the difference between
a zero value and a final value, the uncertainty contribution of the resolution is considered twice in the
calculation.
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G.3 Combination of the uncertainty contributions of the individual measurands

G.3.1 Procedure

In the following, the application of the indirect approach to determine the uncertainty of the results of a dust
measurement method is explained. This approach makes it necessary to include each single step that affects
the measurement result in the evaluation of uncertainty, i.e. the measurement and analysis procedure shall
be thoroughly analysed.

The calculation of the measurement uncertainties is based on variances. In the simplest case, the variance
of aresult is calculated by adding the variances of the different influence quantities taking into account the
sensitivity coefficients of these influence quantities. They can be derived from the method model equation

which des
volume, te

The releva
measured

hce of the sensitivity coefficients becomes clear when expressing e.g. the gas volume (
ht a higher temperature, at the standard temperature of 0 °C. This is common ‘for th

) S, pressure,
ﬁperature).

f a sample,
b results of

emission measurements and can be expressed by Formula (G.6):
273K
Vo=V ——— (G.6)
273K+t

where

V, islthe sample volume at 0 °C;

V., is[the sample volume measured at temperature ¢;

t, Iis[the temperature atthe gas meter, in °C.
The measurement uncertainty of volume V,, has a muclfgreater effect on the normalized volume |/, than the
measuremgent uncertainty of temperature ¢, . As can be seen in Formula (G.6) the absolute temperature with

the constaj
and which
used for t
the calcul
temperatu
sensitivity

The sensiti
obtained, ¢
which resy
variance of

var (¥

The follow

1t additional factor 273 K, the measurement uncertainty of which may be neglected in
is high compared to the measured,temperature ¢, including its measurement unc

calculation of the normalized ¢olume V. For a volume V}; = 100 £ and a temperature
tion shows that the variance of.V}, is affected by V), with a factor of about 0,8. The fz
Fe effect is only about 0,09.-This example illustrates the necessity for determining and
coefficients.

vity coefficients are ealculated by partial differentiation of the model equation. Thus,
ither directly or-by-inserting the numerical measurement results into the mathemat
It from the parttial differentiation. These are considered quadratically in the calculd
the measurément result. The variance equation for model Formula (G.6) is given by For

)=e” (V) var (Vg ) +e? (¢ )-var (ty,)

his context
ertainty, is
t,=30°C,
ctor of the
onsidering

factors are
ical terms,
tion of the

mula (G.7):
(G.7)

5t contents

ing’example of the determination of the uncertainty of the measurement of low du

at stationary sources involves different steps in accordance with the previous explanations. At first, the
variances of the individual influence quantities are calculated. These are:

pressu

dust mass;
gas volume;

temperature at the gas meter;

re at the gas meter;

atmospheric pressure;
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The tolerances are assumed to originate from different sources, e.g. from calibration, from the experimentally
determined drift, or from the manufacturer’s specifications. To calculate the standard deviations and
variances from these tolerances, Type B evaluations are also used here. A rectangular distribution of the
values is assumed which serves as basis for the calculation of the respective variances. In the example, the

uncertainties of the following influence quantities are taken into account:

drift;

calibration;

— display resolution.

From the variances of these influence quantities, the total variance of the individual parameters is calculated

S

sure at the

by additio
gas meter,

The calculd
temperatu
reference

mathematically treated in one step. In order to elucidate the calculation process,ithe following s

are dealt w
calculd
calculs
calculg

calculd

Each of thq
second ste
the sensitiy

Using the s
of the mea

G.3.2 Sp

Measurand

for the refq

chactha vuarianeca oftha maaciirad camnla ualiima thao tamnaratirag and thao nrac
ot e oot ey o o - ot et oo e o Sa i pre v oo &t e e p e ratar et e pre

hnd of the atmospheric pressure.

ition of the dust concentration in dependence on the measurands sample volumye|at thd
e at the gas meter, pressure at the gas meter, atmospheric pressure, weighteéd dus
xygen content for normalization can be described with one equation and.can theref

ith separately in this example:

tion of the standard volume;

tion of the dust mass difference of pre- and post-weighing;
tion of the dust concentration;

tion of the dust concentration for oxygen reference,conditions.

pse calculations follows the same scheme. In the first step, the model equation is sef

ity coefficients are determined.

o obtained sensitivity coefficients and the variances of the individual measurands, t}
burement result is calculated in thethird step.

pcification of the methodimodel equation

of the dust measurement'is the mass concentration ¢, of the dust at standard con

rence oxygen content. The method model equation considers K = 7 input quantities:

gas meter,
' mass and
bre also be
ingle steps

up. In the

p, the partial differentials are formed for all;measurands contained in this model equation and

le variance

Hitions and

Cs0, ={f (my,my, Vo, ,Pated » APt O ) (G.8)
where

my if th&mass of the empty filter (before sampling);

m, istiieTmassof the dusttoaded filter (after sampting);

Patm 1S the atmospheric pressure (ambient pressure);

Ap is the relative pressure (usually low pressure), measured at the gas meter;

V., isthe sample volume;

t, Isthe temperature at the gas meter, in °C;

0, Isthe oxygen content by volume.
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The method equation for the measurement result as a function of the identified input quantities is:

1013hPa (273K+ty,) (21%—0pef) (my—my)

CS,02 -

273K (pam +Ap) (21%-o0,,) |74

m

where o, is the reference oxygen content by volume.

(G.9)

In Formula (G.9), the reference values for pressure (1 013 hPa) and temperature (273 K) are rounded as usual.

The temperature t, obtained at the gas meter can be converted into the absolute temperature
T, = 273 K + t,. The measurement uncertainty of the constant 273 K is considered negligible in this
example. The measurement uncertainty of the measured temperature ¢, is then equal to the measurement
uncertainty of the absolute temperature T,,,.

G.3.3 Stq

G331 D

In the follg
pressure a
that are kn
The follow

calibrg

drift;

— displaj

Variances
the true v
used. The
The assum

{ue (desired value). This is e.g. the case whemwgauged systems with given gauging erro

pwise calculation of the individual uncertainty contributions

etermination of variances for the individual measurands

wing, the variances of the individual measurands (sample volume, temperature at the

own or determined as tolerances or measured values for the different uncertainty con
ng uncertainty contributions are concerned:

tion;

 resolution.

fan also be calculated if it is only known that the measured value lies within a known 1

ariance is then calculated on the assumption of an equal distribution (rectangular di
tion of such a rectangular distributionimeans a conservative uncertainty estimate.

gas meter,

[ the gas meter, atmospheric pressure) are estimated. Mainly instrument specifications are used

tributions.

ange about
I limits are
btribution).

G.3.3.2 Determination of variance of weighing with a test weight as reference
For weighing, gauged mass standards.are used as reference. For these, the responsible gauging authority
specifies, fluring gauging, the deviation from the nominal mass as well as a standard dg¢viation as
measuremgent uncertainty. Itis asstmed that this is a standard deviation on the basis of a normal distribution.
From this ¢lata and several repeated weighings the uncertainty of the weighing operation can be| calculated
according to Formula (G.10)
1
u? (my))=s* (m)'(l——j+u§ +u? (M) (G.10)
n
where
u(m,) is-the-uneertainty-of the-weighing eperation
s(m) is the standard deviation of the measured values m; of the comparison weighings using the
reference mass standard;
uy, is the bias (deviation between the mean value of the measurement series, determined on the
basis of the readings of the balance in the case of repeated placing of the reference weight, and
the nominal value of the reference weight);
u(m..) isthe uncertainty of the reference weight;
n is the number of weighings.
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Since the uncertainty contributions of the bias and of the reference weight are generally small compared to
the total uncertainty u(m;), the number of degrees of freedom during weighing equals n - 1.

G.3.3.3 Determination of the variance of the dust loading

The model equation for determining the dust mass by weighing includes the two steps pre-weighing and
post-weighing. Both steps involve measurement uncertainty:

m=my, —my (G.11)
where
m 1S the mass of the collected dust;

my [is the mass of the empty filter (pre-weighing);

m,  [mass of the loaded filter (post-weighing).

The varianice of m is calculated according to Formula (G.12):

var(m :ez(mz)-var(m2)+ez(ml)-var(ml) (G.12)
where

e(my) is the sensitivity coefficient of pre-weighing;

e(my) is the sensitivity coefficient of post-weighing;

var(my ) isthe variance of pre-weighing;
var(my) is the variance of post-weighing.

The sensitivity coefficients are derived from F6rmula (G.13) and Formula (G.14):

| om0

e(my) N =——(my-my)=1 (G.13)
m, omy

e(my) F2" = 2 (my —iy=—1 (614
aml aml

Inserting the sensitivity)coefficients into Formula (G.12) provides Formula (G.15):

var(m)|=e? (my)swvar (m, )+e? (my)-var(my )= 12 -var(m,) +(—1)2 -var(my )=var(m,)+var(m;) |(G.15)

If the mas$ wpof collected dust is small compared to the filter mass m; (which is usually the [case when
weighing the filter holder as well), the measurement uncertainties for pre- and post-weighing can be
considered to be equal:

var(m,)=var(my ) (G.16)

The absolute measurement uncertainty u(m) and the relative measurement uncertainty w(m) of the collected
dust are calculated as follows:

u(m)=.Jvar(m) =/2-var(my ) (G.17)

© IS0 2024 - All rights reserved
42


https://standardsiso.com/api/?name=0851a36a8e502cdd8e256bdddc4582c2

	Foreword 
	Introduction 
	1 Scope 
	2 Normative references 
	3 Terms and definitions 
	4 Symbols and abbreviations 
	4.1 Symbols 
	4.2 Abbreviations 

	5 Principle 
	6 Measurement planning and sampling strategy 
	6.1 Measurement planning 
	6.2 Sampling strategy 
	6.2.1 General 
	6.2.2 Measurement section and measurement plane 
	6.2.3 Minimum number and location of measurement points 
	6.2.4 Measurement ports and working platform 


	7 Equipment and materials 
	7.1 Gas velocity, temperature, pressure and composition measurement devices 
	7.2 Sampling equipment 
	7.2.1 Sampling system 
	7.2.2 Filtration device 
	7.2.3 Entry nozzle 
	7.2.4 Suction tube for out-stack filtration devices 
	7.2.5 Suction unit 
	7.2.6 Gas metering devices 

	7.3 Dust deposit recovery accessories 
	7.4 Equipment for conditioning and weighing 

	8 Weighing procedure 
	8.1 General 
	8.2 Pre-sampling conditioning 
	8.3 Weighing 
	8.4 Post-sampling treatment of weighed parts 
	8.5 Post-sampling treatment of the rinsing solutions 
	8.6 Improvement of the weighing procedure 

	9 Sampling procedure 
	9.1 Preparation 
	9.2 Filter handling 
	9.3 Pre-measurements 
	9.4 Leak test 
	9.5 Sampling 
	9.6 Recovery of deposits upstream of the filter 
	9.6.1 General 
	9.6.2 Rinsing procedure 

	9.7 Field blank 

	10 Calculation 
	10.1 Sampling volumetric flow rate 
	10.2 Dust concentration 

	11 Measurement report 
	Annex A (informative)  Performance characteristics of the method obtained in the method validation 
	Annex B (informative)  Influence of the isokinetic rate on the representativeness of the collected particles 
	Annex C (informative)  Proven design of the entry nozzles 
	Annex D (informative)  Summary of the requirements 
	Annex E (normative)  Sampling volume, flow rate and duration 
	Annex F (informative)  Examples of weighing bias 
	Annex G (informative)  Determination of the measurement uncertainty 
	Annex H (informative)  Thermal behaviour of dusts 
	Annex I (informative)  Significant technical changes 
	Bibliography 

